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WRIGHT equipment and supplies 


for fractures and orthopedic surgery... 
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Patent No. 2634722 4/14/53 


This is the original all-rubber heel. 


It will not mark floors. 


Hollow Center for 
the Original All-Rubber HEEL ‘idles 


for walking casts 


as manufactured by 
Charles A. Schmidt, St. Louis, Mo. Y 
LOTTES TIBIA NAIL 18-8 SMO Stainless Steel made ‘in jj 


4," lengths from 9” to 14” 


distributor for the genuine 


Improved Hardness 


The ever popular and 
reliable HANSEN-STREET 
Intramedullary Nail 


, Standard nail (one end threaded) 
Medullary Pin or bath ends threaded for those 
ee who prefer it. Lengths 28 to 52 
cms. graduated in 2 cms. Diameter 
11 mm x 8 mm and 9mm x 7 mm 


long bones. Four 
diameters — 
3/16”, Ye", 3/32”. 


by 


=e Broach—either diameter 
erivon 


Driver, extractor and retrograde 
adapter driver fit all standard 
nails. 


Manufacturing Co. , 
ORTHOPEDIC APPLIANCES © FRACTURE EQUIPMENT 7] 
739 JACKSON AVENUE ¢@ MEMPHIS 5, TENN. Yyy 
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Instruments used in hip 
arthroplasty... 


HENDERSON 
CORTEX REAMER 
13732” dia., 8" length, 
shaft 
402° 
udet type SMO 


ACETABULAR 

REAMER 

W-401A 3/4" dia. 
W-401B 7/8" dia. 
 W40IC 15/8" dia. 


uments especialy designed. for 
udetand Gibson techniques. All in- 


answering advertisements, please mention The Journal of Bone and Joint Surgery. 
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MARDS 


RICH AROS 


No. 414 PAIR $10.00 
These ‘BENDING IRONS” are made of Heat Treated ALUMINUM ALLOY and are designed for 
Bending and Forming Bone Plates They will not mark, mar or scar 
Bending and Forming Moore or Blount Plates bone plates, nails, pins or any 

Bending and Forming Jewett Nails other object 


Bending and Forming Intramedullary Nails 


CAMPBELL-BOYD PNEUMATIC TOURNIQUET JEWETT NAIL — Staintess smo 
One-Piece Forged 


Nail Lengths: 2%", 3°, 3%", 3%", 4", 4%", 
442", 5". 

No. 310 @ Large size for leg; gauge and pump. $35.00 Plate Lengths: 3’, 4”, 5”, 6”. 

No. 311 © Medium size for arm; gauge and pump 35.00 

No. 311C © Small size for small arm; gauge and Write for 

Set of 4 sizes complete... 135.00 Orthopaedic Instruments 


RICHARDS MANUFACTURING COMPANY 


756-8 Madison Avenue . Phone 8-2566 . Memphis 7, Tennessee 
THE COMPLETE ORTHOPAEDIC SUPPLY DEPOT 


6 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 


| 
% 
me 
~ 
@ 


THE NEW HANSEN-STREET 
INTRAMEDULLARY NAIL FOR THE FEMUR 


SMO STAINLESS STEEL 


Lengths: 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52 cms. Threaded on both ends if desired. $10.00 
Diameters: 11 mm. < 8 mm. for 95% of cases, 9 mm. 7 mm. for smaller cases. 


DIAMOND NAIL FOR TIBIA 


No. 202 9mm. X 7 mm. Dia.— 24, 26, 28, 30, 32, 34, 36 cms. Lengths...........++++-$7.50 


Much success has been had by using the MOST POPULAR shape of intramedullary nail for fractures 
of the Tibia. This nail is correctly shaped and bent so that, when it is inserted, it will be easiest 
applied and surest in holding, as desired. It is inserted anteriorly. 


No. N-101 fits all nails. Driver, illustrated above 
No. 1015 Short Driver 8” 


No. 1018-11 Stryker Broach for 11 < 8 mm. Nails 
No. 1018-9 Stryker Broach for 9 < 7 mm. Nails 


Kuntscher Nails for Tibia, Ulna, Radius and Humerus available for delivery immediately also. 


RICHARDS MANUFACTURING COMPANY 


756-8 Madison Avenue ° Phone 8-2566 . Memphis 7, Tennessee 
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The Richards DIAMOND Intramedullary Nails 


18-12 smo Stainless (type 316) 


For 


TIBIA 
No Rotation 
RADIUS of 

ULNA 

PHALANGES Fragments 


Fractures of 


TIBIA ~— Lower Third of Femur Complete Set $54.00 
SET +1 Each set consists of 9 Len 


ngths 
No. 204 834", 9/2", 10/4", 11", 1194", 1214", 13144", 14" 
Diameters: 4mm x 6mm Each Pin $ 6.00 


HUMERUS (Same as set +1 except 2 een Complete Set $54.00 
SET +2 39° set consists of 9 Len 


gth 
No. 205 10/4", 121%", 131%", 14" 
Fa 4mm x 6mm, 3mm x Smm Each Pin $ 6.00 


RADIUS & (Neck of Humerus, condyles of Tibia, 
ULNA = Hemerus and Femur) Complete Set $52.00 


SET +3 Each set consists of 13 Len ths 
No. 206 7", 8°, 2", 9", 914" 10 


Diameters: 3mm x 5mm, 2mm x 3mm in $ 4.00 


Phalanges Clavicle, Jaw, Metacarpals, Condyles Complete Set $26.00 

SET +4 Each set consists of 13 
No. 207 1/4". 1/2", 19%", 2", 24", ah" 3", 2", 34%", 4" 
2mm 3mm Pin $ 2.00 


FEMUR [For inserting below trochanter) Complete Set $67.50 
Each set consists of 9 Len ths | 


1194", 1244", 134", 14 1A". 16l/,", 17" 
Diameter: 7mm x 9mm ach Pin $ 7.50 


Every Orthopedist and General Surgeon has found to his own satisfaction that a 
diamond shaped pin will not permit fragmental rotation as the round pins cannot 

event. Therefore, here is what you have been wanting for a long time. They have 
~ proven over the years since World War II. 


Check with yourself all the above advantages in each phase of your fracture work. 


Without doubt you will start using these as soon as possible, to your own and your 
patients’ complete satisfaction. 


Manufactured Exclusively By 


RICHARDS MANUFACTURING COMPANY 


The Complete Orthopedic Supply House 


756 MADISON AVE. PHONE 8-2566 
MEMPHIS 7, TENN. 


COPYRIGHT 1753—ALL RIGHTS RESERVED—RICHARDS MANUFACTURING COMPANY 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 


FEMUR 
? 
| 
“Wi 
| i 
q 


preoperative 
bowel preparation 
within 24 hours: 


eomvein Tablets 


Each tablet contains 0.5 Gm. neomycin 
sulfate (equivalent to 0.35 Gm. neomy- 
cin base) 

Available in bottles of 20 tablets 


Tare Ursoun Company, Katamazoo, Micaican 
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be lad te preserile 
M\Aen Vedic 


SCIENTIFIC CONSTRUCTION 


@ Long inside counter 


@ Heavy gauge ribbed steel 
shank 

@ Right and left angled heels, 
long inside 

@ Patented bottom filler pre- 
vents insole lumping 


FOR MEN and BOYS 


Alden-Pedic lasts are de- 
signed to accommodate 
your prescribed correc- 
tions and insertions. Ex- 
treme sizes stocked. Many 
styles available. Top qual- 
ity only. 


Alden-Pedic lasts and shoes have been scientifically designed and tested 
to accommodate specific and general degrees of foot disabilities. Doctors 
who become familiar with the functional merit of this program will be 
glad to prescribe these shoes as a foundation in the treatment and cor- 
rection of foot disabilities. We do not claim that these shoes will correct 
abnormal foot conditions, but they will provide the types of basic foot- 
wear necessary as a foundation in aiding foot trouble and in offering foot 
comfort. We know you will be glad to recommend them. 


FOR BOOKLET AND NAME OF NEAREST DEALER, WRITE 


C. H. ALDEN SHOE COMPANY 


BROCKTON, MASSACHUSETTS 
? 
Custom Bootmaker Since 1884 
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PLASTER TO SET 


PLASTER OF PARIS © 


BANDAGES 


> & al 
me 


Estrogen and androgen 
go together 
like ‘‘fiddle and bow” 
to provide a dual approach 
for maximum efficiency 
in Osteoporosis. 
Premarin” with Methyltestosterone 
% combines these two steroids 
which, together, 
have a greater effect on bone 
and protein metabolism 
than either one alone.* 


*Reifenstein, E. C., Jr., 
in Harrison, T. R.: Principles of 
Internal Medicine, Philadelphia, 
The Blakiston Company, 1950, p. 655. 


“PREMARIN. with METHYLTESTOSTERONE 


for combined estrogen-androgen therapy 
Byers McKenna & Harrison Limited « New York, N. Y.- Montreal, Canada 
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Knight Spinal Brace 


(shown with Sacral Rings) 


Heat or humidity, wet or dry, there is no weather and no season 
when any brace or other orthopaedic appliance can be totally 
comfortable for any patient. Yet many common annoyances may be 
minimized (such as chafing from badly constructed or ill-fitted 
appliances) if the appliances are made correctly to fit properly. 
Almost 35 years of experience is practically a guarantee 

that AMSTERDAM appliances function in any season with the 


least discomfort. One case trial will prove this point. 


adding 
Our Congratulations 
on the Fiftieth Anniversary of 


THE JOURNAL OF BONE AND JOINT SURGERY 


we extend best wishes for continued 
success of the publication 


STERD 
=) BROS.ES: 


Mail Order Dept. and Fitting Rooms at 
150 East 53rd Street « New York 22, N. Y. 


Other Fitting Rooms at 


1060 Broad Street, Newark 2, N. J. 
274 S. 20th Street, Philadelphia 3, Pa. 


a ) 580 E. Genesee Street, Syracuse 2, N. Y. 


and Operators of the Brace Shop at Hospital for Joint Diseases, New York 
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Cat. No. 6902 
Hip Prosthesis 


INERT Modified Judet-Type 


STRONG 
DURABLE 
BOILABLE 
NON-CORROSIVE 


TIME-PROVEN 


Vitallium 


JUDET-TYPE HIP PROSTHESIS 


A strong, one-piece appliance that has proven very popular. 
Vitallium prostheses excel as femoral head replacements because 
they are completely tolerated by human bone and tissue. First used 
in 1939, Vitallium hip prostheses have proven their strength, 
durability, and inertness through many years of clinical use. 


The complete resistance of the pas- 
sive Vitallium alloy to corrosion and 
wear makes it eminently suitable for 


endo-prostheses where appliances of 


other materials have proven less 
satisfactory. 

The one-piece modified Judet-type 
Vitallium appliance consists of a head 
portion with an extended skirt and a 
stem of three-flanged hip nail design. 


The head is hollow for lightness and 
polished for best function. The three- 
flanged nail provides strength, ease of 
insertion and prevents rotation. 

Available in two head diameters and 
seven nail lengths to meet individual 
requirements. Head diameters 154” and 
1%". Nail lengths 242" to 5” by 4” steps. 
Specify head diameter and nail length 
when ordering. 


Order Through Your Surgical Dealer 


AUSTENA 


224 EAST 39th STREET 
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SURGICAL DIVISION : 
LABORATORIES, INC. 
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NEUFELD 


NOW AVAILABLE IN RESPONSE 
TO THE DEMAND OF THE MANY 
SURGEONS WHO ASKED FOR THEM 


Like all Vitallium appliances, Vitallium Trochan- 
teric Nail-Plates are completely inert in the 
human body. Their strength and engineered de- 
sign permits contouring at the operative site for 
close adaptation to the bone. They have the charac- 
teristic “satin finish” of Vitallium appliances, 
reducing undesirable glare during the operation. 

Effective fixation with Vitallium Neufeld-type 
nail-plates results in a feeling of security, better 
patient morale and shorter hospital confinement. 

* 
Together with the Vitallium Jewett and 
McLaughlin-type inter-trochanteric appliances, 
the various Vitallium hip nails and screws, the 
Vitallium ready-made hip prostheses and the 
Bosworth-type splines, the addition of this 
Neufeld-type trochanteric nail-plate to the ever- 
increasing line of Vitallium surgical appliances 
provides the surgeon with a wider choice of fixa- 
tion and repair appliances for the upper femoral 
region than is available from any other source. 
* * 


YOU CAN RELY UPON VITALLIUM 
SURGICAL APPLIANCES. They are made 


of a homogeneous, unifurm alloy, completely 
passive, compatible and friendly to human 
bone and tissue. 


ORDER THROUGH YOUR 


AUSTENA 
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SURGICAL DIVISION | 
LABORATORIES, INC. 


NEW YORK 
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TROCHANTERIC 
NAIL-PLATES 


TYPE 


INDICATED USES 
ABOUT THE HIP 


1. Sub-capital fractures 

2. Trans-cervical fractures 

3. Per-trochanteric fractures 
4. Inter-trochanteric fractures 
5. Sub-trochanteric fractures 
6. Oblique or spiral fractures 
7. High femoral osteotomies 


SURGICAL DEALER 
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No. 551 Wilson Convex Frame for Spinal Surgery 
Positions patient with spine in flexion and with no 
pressure on abdomen. Adjustable during surgery 


No. 444 


No. 444B 


Holscher Root _ ’ No. 649 Pelvic Traction Belt 

Retractors : For treatment of slipped vertebral 
Stainless steel re- %& 2 Ah discs, sprains or minor fractures 
tractors for spinal a AG oe Eliminates irritation due to 
surgery. Retract adhesive traction and reduces 
nerves without inter- eae 2 swelling about knees and ankles 
fering with use of ae 
rongeurs and other 
instruments 


ZIMMER MANUFACTURING CO. WARSAW, IND. 


In Canada Available through selected surgical supply dealers 
or through our Agents, Fisher & Burpe, Ltd. 


Look for the trademark ® 
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No. 15-3500 Pneumatic Tourniquet 
New quick action clamp. Easy to apply. For 
shoulder, arm or leg. Orlon fabric. Nickel plated 
metal parts. May be hooked to operating table 


460 McReynolds 
Driver-Extractor with Adapters 
Drives or extracts cloverleaf, Lottes 
or Hansen-Street pins, also Smith- 
Petersen or Jewett type nails. Elim- 
inates use of hammer or mallet. 
Stainless steel. 


No. 546 Orthopedic Hammer, Large. 
No. 547 Orthopedic Hammer, Small. 
Aluminum construction, Non- 
sparking Nylon driving faces. 
Flattened, knurled handle. 


ZIMMER MANUFACTURING CO. WARSAW, IND. 


In Canada Available through selected surgical supply dealers 
or through our Agents, Fisher & Burpe, Ltd. 


Look for the trademark O) 
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{ PELVIC ANCHOR SACRAL REST” 


. for unilateral traction 


Cstle introduces positive anchorage of the pelvis in 


orthopedic and traumatic surgical procedures. The Unit is adapt- 
able to any major fracture table for use with child or adult patient 


to stabilize the pelvis in a centered position on the table. 


AS ILLUSTRATED IN THE DIAGRAM, the Unilateral 
Traction Technique provides that when traction is applied to “A”, 
counter-pressure is exerted at the ischium at “C” and on the ilium 
at “FE”, The combined counter-pressure at these two points of the 
innominate bone equals applied traction at “A”. Tilting or pivot- 
ing of the pelvis is completely avoided—and of course, counter- 
traction on the opposite limb with all its attendant problems, is 


eliminated. 
WRITE TODAY for complete information 


70 YEARS OF PIONEERING DEVELOPMENT — Castle 
Sterilizers and Surgical Lights are recognized as the standard 
of engineering achievement and dependable performance 
throughout the world. 


*Hall, Custis, et al. Jour. International 
College of Surg.; pp 30-33, January 1952. 


WILMOT CASTLE CO. - 1221 University Ave. - Rochester 7, N. Y. 
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NEWS ABOUT A BAUER & BLACK 


Only ONE 

of these 

elastic handages 
lets you control 
the pressure 


It’s TENSOR Elastic Bandage because 
it’s woven with live rubber threads 


Tensor Elastic Bandage, as the photo clearly shows, 
has twice the elasticity of ordinary old-style all 


cotton bandages—and it snaps back all the way. 
Naturally—Tensor is woven with live rubber 
threads—not just cotton. 

That's why Tensor enables you to apply ow 
pressure as easily as higher pressures. 

Pressure is uniform—with less danger of hyper- 
constricion—more comfort, more mobility for 
patients. 

And you don’t have to adjust Tensor as swelling 
goes up or down. Tensor adjusts itselt 

You, doctor, not the bandage, control pressure 
—when it’s a Tensor. 


TENSO 


FLASTIC BANDAGE 


Woven with live rubber threads 


(BAUER BLACK) 


Division of The Kendall Co. 
309 West Jackson Blvd., Chicago 6, Ill. 
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PRODUCT 


Under equal tension, 


Tensor stretches approximately 
twice as far as old-style cotton 
bandages. And Tensor will snap 
back smoothly to its original 
length. That's why Tensor gives 
you greater control of pressure, 
requires no adjustment, is more 
comfortable to wear. 
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XYLOCAINE 
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% 
depth and extensive in spread, its 
well-tolerated effect is more 
remarkably fast action, by 1 so 
HCL 
hein A 4th dimensional approach oach — 
“U.S. Potent Ne. 2,441,498 


Contains one gross of one size Blades on 4 Racks 


RACKS with any size Blades fit the RACK-PACK Stand 


A package is known by the COMPANY it keeps... 


This B-P RACK-PACK 
of RIB-BACK SURGICAL BLADES 


is convincing proof! Just as you can depend upon RIB-BACK Blades to give you 
maximum cutting eflicieney—you can rely on the RACK-PACK package to really 


save TIME and LABOR for your O.R. Personnel. 


NO wrapping of individual packages 
NO removing of individual blades 
NO handling or racking of individual blades 


The RACK-PACK fully protects the perfect cutting edges from damage in shipping, 


storing and pre-operative handling. V.P.1. rust inhibiting liner prevents corrosion. 


Blades already on RACK .. . ready for sterilization “in a matter of seconds.” AND 


—it costs the same as conventionally packaged Blades. BA 


Ask your dealer to show you a B-P RACK-PACK today. 
BARD-PARKER COMPANY, INC. Danbury, Connecticut 
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In Relieving 


Auto-Riding Backache 


How Important Is 


WITHOUT 
SACRO-EASE 


We have seen very few articles on this 
subject and we pose this question respect- 
fully, in the hope that readers may call our 
attention to articles or information we have 
overlooked. 


For more than | 2 years we have been manu- 
facturing Sacro-Ease, a posture-correction 
seat pad designed for use on the soft cush- 
ions of autos or over-stuffed chairs. 


More than half of our sales are the result of 
doctors’ recommendations. The results ob- 
tained seem to indicate that some physical 
means of posture correction may be of 


in relieving low-back 


prime 
pains while driving in an auto. 


importance 


by THAD B. McCARTY, President 


Sacro-Ease Division 
3320 Piedmont Avenue 
Oakland 11, California 


In answering advertisements, please mention The 


Correct Posture? 


WITH 
SACRO-EASE 


If your experience seems to bear out the 
importance of this, we would welcome the 
opportunity to let you test a Sacro-Ease 
pad— by using it yourself and/or handing it 
to patients who are in urgent need of relief. 


Your local surgical appliance dealer may 
stock Sacro-Ease pads. If so, he will gladly 
furnish you with one to test. If he does not 
stock Sacro-Ease pads as yet, write us and 
we will ship you one with a memo bill for 
$9 75, postpaid. Test it for 30 days. At the 
end of that time, mail us your check or return 
the pad. We will refund return postage 


costs. 


Journal of Bone and Joint Surgery 
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To Minimize Emotional Trauma... 
A Rapid and Bland Induction 


VINETHENE”, administered by the simple and convenient open-drop 
technic, induces anesthesia swiftly and not unpleasantly. Recovery is 
rapid and the after-effects are minimal. 
VINETHENE ts a particularly suitable anesthetic: 
for inducing anesthesia prior to use of ethyl ether for maintenance « «« 
for short operative procedures ... 


for complementing agents such as nitrous oxide and ethylene. 


Literature on request. 


VINETHENE 


(Vinyl! Ether for Anesthesia U.S. P. Merck) 
AN INHALATION ANESTHETIC FOR SHORT OPERATIVE PROCEDURES 


COUNCH ACCEPTED 


Vinetuenrs is a registered trade-mark 
of Merck & Co., Inc. RAHWAY, NEW JSERSEY 


MERCK A CO., INC. 


Manufacturing Chemists 


tn Canada: MERCK &2 CO. Limited Montreal 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 


a 
> 
{ 
| 
| 
rd te 
23 


OVER 90% 


OF HANGER 


SUCTION SOCKET CASES 


SUCCESSFUL 


T" Suction Socket Prosthesis has 
been one of the most important 
prosthetic developments in recent 
years. Based on entirely new con- 
ceptions of design, it is secured 
solely by muscular and suction 
action, and eliminates the hip 
joint and all belts and straps. With 
this prosthesis the wearer enjoys 
greater comfort, control, and util- 
ity than ever before possible. 
We attribute our proven record 
of 90% successful Suction Socket 
applications to: ONE, careful ex- 
amination, since not all amputa- 
tions are suited to this type of 
prosthesis; and TWO, correct fit- 
ting, in order to retain the suction 
action yet avoid discomfort. 
HANGER clients are examined 
and fitted by ‘Certified Suction 
Socket Fitters."’ These Fitters are 
certified after examination by a 


Certification Board composed of 


representatives of the industry and 
orthopaedic surgeons. 

HANGER has been, and is to- 
day, a leader in the field of Suc- 
tion Socket Prosthetics. We took an 
active part in the basic research 
with the Veterans’ Administration, 
the Committee on Artificial Limbs 
of the National Research Council, 
and the Surgeons Genera! of the 
Army and the Navy. 

HANGER today offers profes- 
sional Suction Socket service to 
amputees and doctors throughout 
the country. We have more than 
50 Certified Suction Socket Fitters 
in our many offices in key cities 
throughout the United States (see 
list below)—MORE THAN ANY 
OTHER PROSTHETICS MANUFAC- 
TURER. We welcome the oppor- 
tunity to furnish appliances to 
surgeons’ prescriptions, and to 


render any service desired. 


ATLANTA 1, GA 
BALTIMORE 1, MD 
BIRMINGHAM 1, ALA 
BOSTON 16, MASS 
CHARLESTON 2, W. VA 
CHARLOTTE 2, N.C. 
CHATTANOOGA, TENN 
CHICAGO 5, ILL. 
CINCINNATI 2, OHIO 


COLUMBIA 5, S.C 
COLUMBUS 8, OHIO 
DALLAS 1, TEXAS 


INDIANAPOLIS 2, IND. 


JACKSONVILLE, FLA 
KNOXVILLE, TENN 
MEMPHIS, TENN 
MIAMI 37, FLA. 

MOBILE, ALA 


In answering advertisements, please 


MONTGOMERY, ALA. 
NASHVILLE, TENN. 
NEW ORLEANS 19, LA 
NEW YORK 11, N. Y. 


OKLAHOMA CITY 3, OKLA. 


PHILADELPHIA 7, PA. 
PITTSBURGH 30, PA 
RALEIGH, N. C. 
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RICHMOND 19, VA. 
ROANOKE 12, VA. 
ST. LOUIS 3, MO 
SHREVEPORT, LA. 
TAMPA 2, FLA. 
TOLEDO, OHIO 
WASHINGTON 13, D. C. 
WILKES-BARRE, PA. 
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red with the “Duke” 
niversity Inhaler, Offers an €Xception. 
hh 


piministration, reported Charles E. 
Flowers, Jr., M. D., in 4 Paper Presented 
before the Brooklyn Gynecologiea) So- 
‘Ciety. 

In the 602 Cases reviewed, no increased 
| tendency to Postpartum hemorrhage or 
Othe, Obstety 


ic ©omplication S noted 

| the NCcidence of Pontaneous breathing 
the Infants sentially the s 
48 that a Substantia) contro] &roup 
Where he Mothers receive; nO medica. 
| tion; relief of Pain was Ighly Satis 
| factory, Patient ©00peration Was note. | 
Worthy, 
These findings are ©OnSistent With the 
Publisheg record o effectiveness and 
Safety of « ilene” ; halation analgesia 
IN obstet S, aS wel] as in 'gical] 
'TOcedur, h as reduction f frac. 
tures, removal] of Painfy] dres INgs, in. | 
Cision and drainage of abscess 

Se istered With “Duke” 

Niversity aler “Trilene” lalgesia 
1S usu arked by gs and rapid 
duction Minimum or no logs of 


SClousness Inhalation, is Nterrupted 
ONSciousness Ccurs, Recovery is, 
Swift; Nausea and Vomiting are rarely 


“Trilene” is NONnexDlosive, 4nd jn the 

Mixtures €mployed Clinically is nonin. 

4ammable in air and OXYgen, “Trilene” 

May also be USed as an analgesic adjunct 


maintained With Various strial dispensaries, 
rilene,” » brand of highly Purified | 


i the. 
trichlorethyleng (Blue), js Supplied jn | the home, | 


‘or further information on “Trilene” | 
Duke” niversity Inhaler, Please | 
Write to Ayerst, McKenna 4rrigson | 
Limited, 22 East 40th Street, New York | 
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Duke" University Inhaler (Model-M) 
3 Recommended for use with ‘'Trilene'’ in 
obstetrics and) surgery, the ‘'Duke" Uni- 
| 

@ * Montreal, Canada 


Taylor Spinal Retractor 


This instrument has proven very effective when large 
muscle masses must be retracted in the lumbar region for 
arthrodesis and laminectomy. Leverage rather than direct 
pull is used to effect the retraction. Set of two $11.00 


MEDICAL RESEARCH SPECIALTIES, Loma Linda, California 


NEUFELD FEMORAL NAIL PLATE 


Used for internal fixation of intertrochanteric 
and subtrochanteric fractures 


Write for descriptive itera 


MEDICAL RESEARCH SPECIALTIES 


Loma Linda, California 
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Pin Cutter 


This new, streamlined Bone Pin Cutter 
adequately serves the needs 

of modern bone fixation —cuts all 
standard pins, nails or wire with 
unusual ease, safety and efficiency. 


Shaped for easy insertion and 


CAT. No, 250-145 . 
manipulation In open wounds — 


chrome-plated to resist corrosion — 


this Sklar instrument is 15” in length, 
Sklar Specialties in 
Stainless Steel Developed 
for the Orthopedic Surgeon 


Colclough Laminectomy Rongeur 
Hibbs Chisels, Gouges 
and Osteotomes 
Meyerding Aluminum Mallet, 
Improved Model 
Meyerding Bone Skids 
Meyerding Chisels, 
Facet Eroders, 
Gouges and Osteotomes 
Meyerding Finger Retractors 
Meyerding Hip and Shoulder 
ee CAUTION - if the name Sklar 
Meyerding Laminectomy is not stamped on 
Retractor the instrument it is not a 
Meyerding Self Retaining genuine Sklar product. 
Retractors, True-Grip 
Ratchets 
Michele Trephines 
Putti Arthroplastic Gouges 


Sheldon Hemilaminectomy J SKLAR MANUFACTURING COMPANY 
Literature upon request. 38-04 Woodside Avenue, Long Island City 4, N. Y. 


and of long-handled construction 
for extra-strong leverage. 

Priced at $18 each. Available 
through surgical supply houses. 
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SABEL’S 


PIGEON-TOE SHOE 
Carried both White Elk and Tan Elk 


RIGHT 


LEFT 


Dotted line shows outline of normal shoe. 


The Pigeon Toe Shoe carrying a definite outflare, is 
used on cases W here there is an extreme toeing-in (i Q.. 
walking pigeon-toed) and is known and called by the 
medical profession as a metatarsus varus deformity. 


Sizes 414 to 8, B& EK 
Sizes 2), to 8, D 
Sizes 415 B& EE 
Sizes 2), to 8, D 


Sizes 815 to 11, B, D& Eb 


I. SABEL, INC. 
—— 1207 Chestnut Street Philadelphia 7, Pa. —_ 


Infants’ White 


Infants’ Tan Elk 


Child's Tan Elk 
Shark Tip 


WRITE FOR NAMES OF DEALERS WHO CAN SUPPLY SABEL’S PIGEON- 
TOE SHOES—SEND FOR BOOKLET WITH COMPLETE DETAILS 


Made Exclusively by 


THOMPSON BROS. SHOE CO., Brockton, Mass. 
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venous 


YOU CAN STRETCH TIME, TOO 


PONTOCAINE® hydrochloride means 
prompt induction 
sustained anesthesia 
prolonged analgesia 
relative safety and 
convenience 


Operating time becomes flexible when you use 
PONTOCAINE hydrochloride for anesthesia and 
anclgesia. 

Surgeons and anesthesiologists who have used 
Pontocaine know that you can depend on it “for its 
longer lasting effects.”"* When required, operating 
time can be stretched to as much as five hours... 
postoperative analgesia as much as nine hours. 

And don't forget PONTOCAINE’S relatively 
wide margin of safety. With Pontocaine, there's no 
apprehension that the anesthesia may wear off too 
soon ... no fear that your patient's postoperative 
comfort will be interrupted by inadequate analgesia. 

Pontocaine is effective in dilute concentrations 
... 0.1 to 0.2 per cent for nerve block and infiltra- 
tion; 0.2 to 1 per cent for spinal anesthesia. 


PONTOCAINE 


HYDROCHLORIDE 


Winthrop-Stearns Inc. 


New York 18, N. Y. © Windsor, Ont. | 
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WINTHROP 


For 2 to 3 hour spinal anesthesia 
“Niphanoid’®, ampuls of 10 mg., 
15 mg. and 20 mg. 
1 per cent solution, 
ampuls of 2 cc. (20 mg.) 


For 5 hour nerve block 
(surgical, diagnostic 
and therapeutic), 
for infiltration and continuous 
caudal analgesia 
0.15 per cent solution, 
vials of 100 cc. 


Also available for 
topical application as 
0.5 and 2% solutions 
and as 0.5% oi” tment. 


Pontocaine (brand of tetracaine) and Niphanoid, 
trademarks reg S. & Canada 


*Bonica, J. J.: J.A.M.A., 150.1581, De 
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For the local treatment of individual 


joints in rhenmatoid or osteoarthritis-- 


Intra-articular Injection of 
Saline Suspension of 


Corfone 


ACETATE 
(HYDROCORTISONE ACETATE, MERCK) 


Brown, ef al.,! administered 3,487 intra-articular injections of 
HypRocorRTONE Acetate to 480 patients with rheumatoid or 
osteoarthritis. In some of these patients, HYDROCORTONE was 
used in addition to other therapeutic measures and proved an 
excellent adjunct. Improvement was observed in 87 per cent. 
Local relief was obtained promptly, without systemic effects. 
Literature on Request 
1. Brown, E. M., Frain, J. B., Udell, L., and Hollander, J. L.: Paper 
presented at Annual Meeting, American Rheumatism Associa- 
tion, Chicago, HL, June 6, 1952. 


Hyprocorvone the registered 

trade-mark of Merck & Co., Ine. MI E RC K & Co., INC. 
for tts brand of hvdrocortisone. This 

substance was first made available ‘I Manufacturing Chemists 

to the world through Merck research 

and production, RANWAY, MEW 
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Davis & Geck’s Melmac Orthopedic Composition is a 
melamine resin,+ a new powder with catalyst which 
doctors add to the water in which they wet plaster ba 
With Melmac Orthopedic Composition, doctors need 
half the usual number of plaster of Paris bandages. 
Melmac has been proven by extensive clinical trials.'* 


— fortified with Melmac, is 


of cast A and weighs 
great advantages of casts made with 


1. Four times the early strength and over twice the dry 
strength of ordinary plaster of Paris casts. 


2, Lighter, thinner and stronger casts 
provide added comfort and support. 


3. Water and urine resistant. Does not disintegrate 


even after several days soaking. 
4, Permits better x-ray penetration due to thinness of cast. 
§, Economical—50% fewer bandages or less needed; 


saves the doctor time. : 
6. Conveniently packaged to permit using as much or as little _ 
as is needed for a given case, avoiding waste. 
able through surgical supply dealers handling D & G 


57 Willoughby Street, 
AGS Brooklyn 1, N.Y. 


Sutures and other surgical specialties 


32 


Supplied: tm cartons of 3.65 Ib. containing six cans of 9.74 02. (276 Gm.) eachi 
products. 
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Ose ot Melmac 
requires no new 
technique 


To use bandages and 
splints wetted with Mel- 
mac solution, no new tech- 
nique for applying casts 
need be learned. Plaster 
rolls or splints are soaked 
in the Melmac solution 
in the usual manner, the 
excess solution is pressed 
out, and the cast applied 
with the same technique 
as with ordinary plaster 
bandages and splints. 
Note: 

Cobey,® reports not one 
person — to Mel- 
mac in applying 1000 
casts. 


references: 


1. A. W. Spittler, Col., 
(M.C.), U.8.A., J. 
Brennan, Lt. Col.,(M.C.), 
U.S.A.,'J. W. Payne, 
Capt. U.S.A.F. (M.C.), 
American Academy of Or- 
thopedic Surgeons, Jan. 26- 
31,1952, Chicago, Illinois. 


2.M. C. Cobey, M.D., 
F.A.C.S., Professor of Or- 
thopedic Surgery, George- 
town University and Sen- 
ior Attending Orthopedic 
Surgeon, Children’s Hos- 

ital, Washington, D.C., 
he American Surgeon, 
Vol. XVIII, No. 4, April, 
1952, pp. 413, 415. 


32M. C. Cobey, M.D., 
F.A.C.S., Washington, 
D.C., private communica- 
tion. 


Davis & Geck manufactures 
a complete line of surgical 
sutures. Diameter for diam 
eter, the tensile strength of 
D&G Surgical Gut is unex 
celled by any other brand. 
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| Orthopedic Composition 
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PLASTER CASTS THAT ARE HARD, LIGHTWEIGHT, 
ECONOMICAL AND EASILY APPLIED 


KARMAC ....:.:«: 


paris bandages and splints have 
been used exclusively for the 
past decade by surgeons who 
like the creamy smoothness and 
hard setting qualities of this spe- 
cial made product. And, it ac- 


tually costs less. 


All Karmac bandages and 
splints are made entirely by 
hand...they contain no chemi- 
cal or foreign ingredient to 
weaken the hard setting quali- 
ties of this finest of surgical 


plaster of paris. 


If your dealer cannot supply you with 


Karmac, send in your order direct 


Karmac splints are made in 5 ply and 
6 ply thicknesses. They come ready to 
pass through water and apply. 


Available in both fast-setting and slow- 
setting time. All sizes from 2” to 8” widths. 
Splints are 3” x 15” —S5 ply, 15” —5 
ply, and 5” x 30” — 6 ply. 


For an especially hard, lightweight cast 
that requires fewer bandages, order KAR- 
MAC plaster of paris bandages and splints. 


P.O.Box 2041 Dallas, Texas 
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There. is a BIG DIFFERENCE 


between steel braces and 
UNITED STATES solid 
ALUMINUM BRACES 


Aluminum braces compare with the strength 
of steel braces and plus added light-weight 
quality make them ideal for permanent 
wearers. 

United States braces are manutactured 
from solid aluminum 24S. ‘T. bar stock. 
Bulfed finish eliminates plating time 
and costs, thereby speeding up deliv- 
ery and service to your patients. 


aluminum ball-bearing 


DROP-LOCK BRACE 


Part No. 118 
Ve x %” bar size—24 T. aluminum 
Part No. 133 
x bar size—24 S. T. aluminum 
Part No. 153 
x bar size—24 S. T. aluminum 


aluminum new style 
FRENCH LOCK BRACE 


Part No. 160 
Ve x %” bar size—24 S. T. aluminum 
Part No. 161 
Ve x %” bar size—24 S. T. aluminum 


Specify and use 
| aluminum braces 
manufactured by 
UNITED STATES COMPANY 


MANUFACTURERS of ALUMINUM and STEEL BRACE and ARTIFICIAL LIMB PARTS 
3453 Glendale Boulevard, Los Angeles 39, Calif. 
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LOTTES TIBIAL’ NAIL 


LOTTES TRIFLANGE TIBIAL NAIL 
Tibial Nail diameters: and 


18-8 SMo Stainless Steel nail made in 1/2 inch 
lengths from 9 to 1412 inches. 

The triflange nail is also available for femur, 
humerus, radius, and ulna. 

The driver and extractor can be used with 
any of the triflange nails. 


DRIVER AND EXTRACTOR 


— 


COMPOUND. FRACTURE WHICH WAS _DEBRIDED, RESULT THREE MONTHS AFTER PRIMARY HEALING OF 
CLOSED, AND PLACED IN CAST ON ADMISSION WOUND AND CLOSED NAILING 


For further information, please write to 


CHAS. A. SCHMIDT SURG. INST. CO., ST. LOUIS 8, MISSOURI 
3689 Olive Street 
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If Your Big Problems 


ot 


Non-Metallic 
Muscle-Building 
Arch Cushions 


shle 


Posture Plates 


\-~ 


Are Little Ones.. 


...KLEISTONE technicians can 
faithfully fulfill your requirements for 
orthopaedic appliances to correct or con- 
trol the growth of small feet. 


For over three decades, thousands of 
KLEISTONE appliances have been 
custom-made to meet. prescriptions and 
specifications of every type and deserip- 
tion. Whatever your problems, our long 
experience and modern laboratory facili- 
ties are at your service. to help you 
achieve successful results. 


HW rite now for helpful illustrated catalogs 


KLEISTONE RUBBER COMPANY, Inc. 
Established 1919 
Warren, Rhode Island, U. S. A. 
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the Birtcher 


Vibra-Bath 


...a most advanced hydrotherapy 
apparatus, which utilizes a new principle 
of hydromassage to introduce 

techniques not possible with 

conventional equipment. 


The thermal and massage stimulus of this 
constantly agitated water is perhaps the 
most useful form of hydrotherapy in the 
after-care of amputation stumps, polio 
and in orthopedic cases. 


The Vibra-Bath quickly promotes cir- 
culation through the hydropercussion 
of thousands of warm air bubbles 
impinging upon every square inch of 
the area under treatment. It is well 
adapted to the treatment of sprains 
and injuries common to the athletic 


field. 
In addition to the excellence of its hydromassage, 
the Vibra-Bath has the important advantages of 
light weight and easy portability. Write for 
illustrated brochure and HANDBOOK ON HYDROMASSAGE. 


The BIRTCHER CORPORATION 
4371 Valley Boulevard Los Angeles 32, California 


Please send me your new brochure on the Vibra-Bath and the 
HANDBOOK ON HYDROMASSAGE. 


Dept. BJS 7-53 
City 
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for firm 
lumbosacral support 
prescribe. 


Incorporating all the Camp _fea- 
tures, this garment is designed for 
those who prefer a side-lacing gar- 
ment. A special panel at the top 
(back) with its own adjusting strap 
assures a snug fit and constant 
maintenance of support about the 
upper lumbar region. Available in 
groin and skirt length. 


Many physicians find that a Camp Lumbosacral Support is of material aid 
in treating low back conditions caused by: 

Postural or occupational strain © Injuries « Arthritis and other conditions. 
These clinically tested supports extend high in back, curve in and under 


the gluteal region, which assists in anchoring the garment and relieves the 
tension of these muscles on their attachments. 


S. H. CAMP and COMPANY, JACKSON, MICHIGAN 
World's Largest Manufacturers of Scientific Supports 


OFFICES AT: 200 Madison Ave., New York: Merchandise Mart, Chicago 
FACTORIES: Windsor, Ontario; London, England 
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Attaches to Any Bed... Easily, Quickly——~ 


UNIVERSAL OVERBED FRAME 


Double bar unit assembled and in use, 
showing patient in Russell's traction. 


The Stryker Universal Overbed Frame can be attached to any ordinary 
bed or crib by a nurse or orderly in minutes! Available in single bar 
economy unit or double bar for heavy-duty use. Single bar unit may be 
purchased initially with component parts added later for doubie bar 
use. Various forms of traction are possible plus two outside overbed 
bars for use as patient exercisers. Plastic covered ends prevent mar- 
ring. Chromium-plated. Quickly dismantled. Longest member tele- 
scopes from 52” to 98". 


ORTHOPEDIC FRAME COMPANY 
Dept. B, Kclamazoo Michigan 
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EASILY APPLIED MOIST HEAT 


IN PRACTICALLY ALL OF YOUR THERAPY 
PROBLEMS THERE IS A PLACE FOR THE 


TRAUMATIC 
ARTHRITIC 
MYOFIBROSITIC 
NEURO-MUSCULAR 
REHABILITATION 


The Hydrocollator Steam Pack is a fab- EFFECTIVE: 

ric envelope containing a special heat ® Positive and prolonged hyper- 
refaining gel filler. When immersed emia. 

and heated in water it becomes an ef- 
ficient hot moist compress. !t requires 
no wringing. There is no dripping. ® Preparation for rehabilitative ex- 
Simply wrap it in a turkish towel and ercise and therapy. 

apply to the area to be treated. Each 

application will give EFFECTIVE MOIST CLINICALLY TESTED AND PROVED: 
HEAT FOR AT LEAST 30 MINUTES. ® The steam pack is accepted by 
These packs can be used over and over. the Council on Physical Medicine 


When you prescribe supplementary and Rehabilitation (AMA). 
thermotherapy in the home, the Steam 
Pack can be heated in hot water in any 
convenient vessel. For hospital or clinic 
the HYDROCOLLATOR Master Unit In use in leading hospitals and 
shown at lower right automatically treatment centers. 
maintains a supply of heated packs iA Se 
ready for immediate use. Up 


® Relief of spasm and pain. 


® The master heating units are UL 
Approved. 


SPECIFICATIONS, PRICES AND USER LIST ON REQUEST 
MANUFACTURED EXCLUSIVELY BY 


CHATTANOOGA PHARMACAL CO. 
CHATTANOOGA, TENNESSEE 


HYDROCOLLATOR 


This Master Heating Unit automatically maintains a constant sup- 
ply of ready-to-use HYDROCOLLATOR Steam Packs. Temperature 
is thermostatically controlled. The heated pack is easily taken to 
the patient; thus you can treat several patients at the same time 
from the one unit. No need to transport patients to the heat 
source. No plumbing connections. Simply plug into your electrical 
outlet. Sturdy, handsome stainless steel construction. 
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the new 
absorbent 


ast padding 
WEBRIL 


New Curity WEBRIL absorbs 
perspiration—helps maintain 
normal skin condition 


More and more doctors are turning from 
conventional non-absorbent cast padding 
to new Webril bandages that absorb per- 
spiration—that maintain healthy skin 
condition throughout immobilization. 

Webril is easy to apply because it is 
conformable and sticks to itself, needs 
no taping. 

And because Webril is a non-woven 
fabric of good tensile strength in soft, 
pure cotton, it can be used in preopera- 
tive preparation of patients with varicose 
and post-phlebitic ulcers, eczema, phle- 
bitis and post-phlebitic venous insuffi- 
ciency. Webril is also eminently useful ap- 
plied to areas subject to pressure necro- 
sis and “‘feeder’’ varicosities adjoining 
ulcers. 


BANDAGES 
| (BAUER& BLACK) | 


Division of The Kendall Co. 
309 W. Jackson Blvd., Chicago, III. 
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Hirschstick Shoulder 
Splint for Immobilization 


Overcomes need for frequent inspections and 
re-application needed when Velpeau bandage 
or sling and swathe is used. Extremely comfort- 
able. Adjustable. In hundreds of cases of acro- 
mioclavicular separation this splint has never 
needed to be replaced because of inadequate 
immobilization. 


Write for complete information 
and FRACTURE CATALOG. 


Kestler 
Traction Unit 


Improved traction for derangement and arthritis of 
the cervical spine. For disc diseases, many cases of 
migraine headaches and nervous tension. Lighter 
and more comfortable. Low enough to go through 
doors. Allows freedom of movement, provides trac- 
tion required. 


DePuy 
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especially developed for 


by 


Lumbo-sacral support incorporating traction and 
two-semi rigid steels. Three pull straps control 
traction; upper straps control lumbar region sup- 
port, lower strap [attached to uplift panels in 
front) controls traction through trochanter area, 
increases lower abdominal support. 


The complete line of TRUFORM Anatomical Supports in- 
cludes a wide selection of lumbo-sacral garments. TRUFORM Lumbo- 
Sacral Supports are designed, under professional supervision, for a variety 
of conditions generally characterized by low back pain. Such TRUFORM 
supports are generally used for mild lordosis or spondylolisthesis and all 
provide effective fixation of the lower spine, varying in degree according 
to the depth of the garment. 


These and other TRUFORM supports are available to your 
patients only through surgical or prosthetic supply houses or orthopedic dealers. 
Thus your patient is assured of professionally correct fitting by a trained 
technician. 


For descriptions and illustrations of the complete TRUFORM line 
write for the TRUFORM Red Book, the profusely illustrated catalog 
which will serve as a valuable reference. 


TAUFOR M anatomical supports 


3960 Rosslyn Drive, Cincinnati 9, Ohio 
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Wanted 


The Editorial Office of The Journal is constantly having calls for back issues of 
The Journal and desires to know where copies of the following issues may be obtained 
when needed 


Tue AMERICAN JOURNAL OF ORTHOPEDIC SURGERY | 
1903-1904: Vol. 1, Neos. 1, 2, 3, and 4; August, November 1903; February, May 1904 
1904-1906: Vol. II, Nos. 1, 3, and 4; August, October 1904; January, April 1905. 


1905-1906: Vol. 111, Nos * 2,3 3, and 4; July, October 1905; January, April 1906. 
1906-1907; Vol. IV, Nos. 1, 2, 3, and 4; July, October 1906; January, April 1907. 


1907-1908 Ae we Nos 1, 2, 3, and 4; July, October 1907; January, April 1908. 
1908-1909: Vol. Vi, sos. 1, 2, 3, and 4; August, November 1908; February, May 1909 
1909-1910: Vol. VII, Nos. 1, 2, 3, and 4; August, November 1909; February, May 1910. 
1910-1911: Vol. VIII, Nos. 1, 2, 3, and 4; August, November 1910; February, May 1911 
1911-1912: Vol. LX, Nos. 1, 2, 3, and 4; August, November 1911; February, May 1912 
1912-1913: Vol. X, Nos. 1, 2, 3, and 4; August, November 1912; February, May 1913 
1913-1914: Vol. X1, Nos. 1, 2, 3, and 4; July, October 1913; January, April 1914. 
] 


1914-1916: Vol. XII, Nos. 1, 2, 3, and 4; July, October 1914; January, April 1915 
1916: Vol. XIII, Nos. 1 and 2; July, October 
1916: Vol. XIV, All twelve issues 
17: Vol. XV, Nos. 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10; January, February, March, April, 
May, June, July, August, September, and October 
1918: Vol. XVI, all twelve issues. 


Tue JOURNAL OF ORTHOPAEDIC SURGERY 


1919: Vol. I (Old Series Vol. XVII), Nos. 1, 2, 3, 4, 5, 6, 7, 9, 10, 11, and 12; January, Feb- 
ruary, March, April, May, June, July, September, October, November, and De- 
cember 

1920: Vol. IL (Old Series Vol. X VILL), all twelve issues. 

1921: Vol. IIL (Old Series Vol. XIX), Nos. 1, 2, 3, 4, 6, 9, 10, 11, and 12; January, Feb- 
ruary, March, April, June, September, October, November, and December. 


Tur JOURNAL OF BONE AND JOINT SURGERY 


1922: Vol. IV (Old Series Vol. XX), Nos. 1, 2, and 3; January, April, and July. 

1923: Vol. V (Old Series Vol. XX1), Nos. 1 *) and 4; January, April, July, and October 

1924: Vol. VI (Old Series Vol. XN XID), Nos. 1, 2, 3, and 4; January, April, July, and 
tober 

1925: Vol. VIL (Old Series Vol. X XIID), No. 1; January. 

1926: Vol. VILL (Old Series Vol. XXIV), Nos. 1, 2, 3, and 4; January, April, July, and 
October. 

1927: Vol. IX (Old Series Vol. NXV), Nos. 1, 2, 3, and 4; January, April, July, and Oc- 
tober. 

1928: Vol. X (Old Series Vol. XX VI), Nos. 1, 2, and 3; January, April, and July. 

1929; Vol. X1 (Old Series Vol. XXVIL), Nos. 1, 2, and 4; January, April, and October 

1930: Vol. XII (Old Series Vol Xv III), Nos. 1 and 2; January and April 

1931: Vol. XIII (Old Series Vol. XXIX), No. 1; January. 

1932: Vol. XIV (Old Series Vol. XXX), No. i October. 

1933: Vol. XV (Old Series Vol. NX XI), No. 1; January. 

1934: Vol. XVI (Old Series Vol. NX XID), No 4: October. 

1936: Vol. XVII (Old Series Vol. XN XID), Nos. 1, 2, 3, and 4; January, April, July, and 
October. 

1937: Vol. XIX (Old Series Vol. NXNXNV), Nos. 1, 3, and 4; January, July, and October. 

1938: Vol. XX (Old Series Vol. NN NVI), Nos. 1, 2, 3, and 4; January, April, July, and 
October. 

1939: Vol. XXI1 (Old Series Vol. NX XVII), Nos. 1, 2, 3, and 4; January, April, July, 
October 

1940: Vol. XXIT (Old Series Vol. XX XVIIT), No. 1; January 

1941: Vol. XXIII (Old Series Vol. XX XIX), No. 1; January 

1944: Vol. XXVI (Old Series Vol. XLID), Nos. 1, 2, 3, and 4; January, April, July, and 
October 

1945: Vol. X XVII (Old Series Vol. XLIIL), No. 2; April. 

1947: Vol. XXIX (Old Series Vol. XLV), Nos. 1, 2, and 3; January, April, and July. 

1948: Vol. XX X-A, No. 1; Januar 

Any reader having copies of the above, which he is willing to dispose of, is requeated 
to correspond with the Editor 
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The Journal of 


Bone and Joint Surgery 


American Volume 
Firry Years 


With this issue The Journal completes fifty years of publication. In August 1903, 
the first issue appeared under the name of The American Journal of Orthopaedic Surgery. 
It was published then as now by The American Orthopaedic Association, replacing the 
Transactions of that Association, the first two volumes of which were published in 1889, 
and which had appeared annually thereafter through 1902. Whereas the Transactions 
contained papers by members only and were distributed largely to the membership, the 
pages of the new publication were, from the beginning, open to all surgeons throughout the 
United States and Canada to record their experiences and present their achievements in this 
new and growing branch of surgery. Abstracts of current world orthopaedic literature had 
been included in Volume XV (1902) of Transactions; these were continued in the new publi- 
cation. One can hardly doubt that the founders wished their Journal to become representa- 
tive of American Orthopaedic Surgery. That they recognized the value of free interchange 
of ideas among diverse schools of thought is evident in the section devoted to abstracts. 

Gradually, The Journal came to include contributions from many American and 
Canadian surgeons not members of the Association; occasionally articles appeared that 
were written by surgeons from other countries, interested in orthopaedies. As contributions 
to The Journal became more representative of orthofaedie developments throughout the 
world, so too did the readership of The Journal become more widely distributed, 

With the formation of The British Orthopaedic Association at the close of World 
War I, The Journal became its official publication. Cooperation between the orthopaedic 
surgeons of this country and surgeons on the other side of the Atlantic had led to a joint 
presentation of achievement; to signalize the broader aim, the tithe was changed to The 
Journal of Orthopaedic Surgery. In 1922, the title beeame The Journal of Bone and Joint 
Surgery, a name felt at that time to better express the scope of the field of surgery which 
The Journal represented. In 1935 The Journal became the official organ of The American 
Academy of Orthopaedic Surgeons; in 1950, of The American Society for Surgery of the Hand. 

In 1948 came the division of The Journal of Bone and Joint Surgery into two volumes, 
Volume A representative of American Orthopaedic Surgery and Volume B of British 
Orthopaedic Surgery, each complementing the other and each published by the ortho- 
paedic surgeons of the respective country. The ensuing five vears of copublication have 
Witnessed a marked increase in the amount of material published in the combined volumes. 
Such added features as Proceedings have enabled Journal readers to keep in closer touch 
with orthopaedic development not only in their own countries but also in other countries. 

That The Journal has grown is evident from comparison of the total number of pages 
of the 1947 Volume which, including the index, was 1,152 with the total pages of the 1952 
Volumes A and B which, taken together, numbered 1,804. 

At the completion of fifty vears The Journal recognizes the ever-increasing responsibil- 
ity of adequately recording the developments of a large and growing division of surgery. 
The many phases of present-day orthopaedies, new developments in the basic sciences, 

especially in physiology and anatomy, as they are related to orthopaedic surgery — all 
these must find spece in The Journal of tomorrow; pages must be available fora growing 
volume of articles devoted to fundamental clinical studies and improved techniques. 

To keep its readers in touch with these developments is the task to which The Journal 
is dedicated. To meet this challenge the Editorial Board will do its best. 
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\ HISTORICAL REVIEW OF THE STUDIES AND INVESTIGATIONS 
MADE IN RELATION TO HUMAN GAIT 


To judge from the literature there is every indication that the interest which the 
profession shows in the mechanics of human gait is on the increase. This is directly 
attributable to the considerable advances which have been made in the study of locomo- 
tion; these can no longer be denied recognition or be treated with indifference. Neverthe- 
less, the road which led to the present only relatively adequate knowledge of the subject 
was very long and hard 

The tracing of the roots of our knowledge of human gait into the past would lead us 
almost into antiquity. From time to time, anatomists, mathematicians, and physicists have 
occupied themselves with problems concerning gait. The distinction of being the pathfinder 
should go to Borelli (1608-1679), not so much for what he did in the mechanical analysis 
of locomotion itself but because of his fundamental concept of muscle action, -—a concept 
Which, as Sherrington himself pointed out, anticipated the ideas of the nineteenth century 
and may well be considered the forerunner of Sherrington’s own law of reciprocal innerva- 
tion. Borelli's concept is so essential for the study of locomotion and for the analysis of 
gait in general that it must be considered one of the foundations of the development of our 
knowledge in this particular field. Borelli was also the first to determine the center of 
gravity, which is of fundamental importance in the calculation of the events of locomo- 
tion. His book De Motu Animalium was published in 1682, three years after his death. 
Possibly Borelli was inspired by Descartes, whose work on the ‘passions of the soul” 
had appeared in 1649; Descartes approached the problem of antagonistic reciprocity from 
a philosophical rather than from a naturalistic point of view. Borelli describes the forward 
displacement of the center of gravity beyond the supporting area and the manner in 
which the forward swinging of the limbs saves the body from losing balance (et tune 
ruina illa subito reparatur). This is in fact the foundation of the concept of propulsion and 
restraint in gait 

Following this, very little was accomplished in the study of locomotion for more 
than one hundred years. Albrecht von Haller (1708-1777), although he must have known 
of Borelli’s work, fails, in the fourth volume of his Blementa Physiologicae Corporis Humani 
(1762), to recognize the reciprocal relationship of the synergist and the antagonist, when 
he speaks of the electrical irritability of the muscles (peculiarly enough, without mention- 
ing the work of his contemporary, Galvani). 

It was reserved for the men in the first half of the nineteenth century to continue 
Borelli’s work. They began the modern scientific elaboration of the study of the mechanism 
of gait. The era is marked by the work of the brothers Wilhelm and Edward Weber (Di 
Mechanik der Gehwerkzeuge, 1836). The period might well be called the observational 
period of the studies on gait. The Weber brothers observed and measured the alternation 
of swing and support, the inclinations of the trunk in either phase, the relationship 
between the duration and the length of the step, and the rhythm of alternation in walking 
and running, setting up a special pattern for each. They also initiated investigations into 
the muscle effort involved in propulsion and restraint. When one considers the rather 
primitive means at the disposal of the Weber brothers, the accuracy of their observations 
is rather astounding. For instance, they determined the swinging time of the cadaver leg 
at 0.355 seeond; this comes very close to the passive-swinging time of the leg of a living 
person at 0.346 second and the swinging time of the leg in gait at 0.332 second. Their only 
error Was to assume that in the forward swing the musculature played no role, a point 
which was contested and disproved by Duchenne, Carlet, and others. 

The period which followed, that of visual recording, was the period in whieh photog- 
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raphy and kymography were introduced. Yet about four decades elapsed before the work 
of Marey (La machine animale, Paris, 1873) appeared. Carlet, working in Marey’s labora- 
tories, used the kymograph to record the length and duration of the step, swinging and 
standing time, and the inclination of the body (‘Essai expérimentale sur la locomotion 
humaine’, Annales de Science Naturelle, Section Zoologique. Vol. XV, 1872). Marey was 
the first to use photography i analyzing the body movements during locomotion ind to 


register the movements of selected points of the body. The subject was clad in black with 
white stripes which indicated the pathways of these points. Photographic studies were 
made which resulted in the development of path curves very similar to those established 
two decades later by Braune and Fischer. 

The names of Muybridge (1882), Anschiitz and Londe (1891) should be mentioned, 
These men made steady progress in the art of photographie recording which, at the time 
of Marey, had already attained a certain degree of perfection. 

Once photography was established as a medium of recording the phases of gait, the 
Way Was open for calculative investigations on velocities, acceleration, and moving forces; 
such calculations characterized the next period of research of which the outstanding monu- 
ment is the classic work of Braune and Fischer, Der Gang des Menschen (1895),--a work 
which represents the highest achievement yet attained in the caleulative analysis of the 
essential factors of human gait. For their experiments Braune and Fischer used a method 
similar to that used by Marey. They substituted Geisler tubes for the white stripes; and, 
according to their own statement, it took from six to eight hours to get their subject ready 
for the trial. They first ascertained by photographie methods the pathways of locomotion 
for different points of the body, with or without load, marked by the tubes. The points 
were the head, the shoulders, the wrists, the hips, the knees, and the ankles, —eleven points 
in all. During the first part of their work, the investigation was devoted to the graphic 
presentation of the pathways of human gait. By relating their photographs to a three- 
coordinate system, they could tabulate by trigonometric computations the actual numeri- 
cal values of the pathways of human gait. For this purpose they divided the double step 
into thirty-one distinct’ phases. Subsequently, the pathways of the common center of 
gravity were studied by Fischer alone and the values obtained were tabulated in a similar 
manner. Then, from these pathways the velocities could be caleulated, while from the 
velocities, the acceleration could be calculated trigonometrically. The final objective of 
the study was to ascertain the moving force lying behind acceleration, velocity, and the 
pathways. This also was arrived at by trigonometric calculations from the accelerations 
established, so that in the end tables could be presented which contained all the fluetuations 
of floor pressure for each of the thirty-one phases into which the double step was divided. 
This is the subject of the sixth and final part of this classic on human gait,—namely, the 
ascertaining of the effeetive force behind locomotor performance with its several compo- 
nents (swing, propulsion, and restraint), all represented by the fluctuation of the floor 
reaction, 

The decades which immediately followed the work of Braune and Fischer saw com- 
paratively little advance in the study of human locomotion, until a new approach to human 
gait opened up wider possibilities. This new and most recent approach to the analysis of 
gait is the investigation of the role played by each individual muscle. By assembling the 
separate muscle activities one arrives at a pattern which is not unlike a symphonic score, 
each musele entering into the pattern at a certain moment and leaving it at another. One 
of the earliest and foremost contributors to this phase of investigation is Richard Scherb 
of Zurich. Basing his work upon the studies of the movements of the different portions of 
the body during gait, as they had been established by Braune and Fischer, Scherb first 
defined the pattern of sequence of the muscle action of the lower extremities. It must be 
pointed out that his earlier studies were carried out by purely palpatory methods on the 
treadmill. It was only later, with the introduction of the electromyograph, that his method 
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could be refined. Even in his latest work on the “kinetic diagnostic analysis of the disturb- 
ances of the gait” (1952), he presents the results from his palpatory methods together with 
the results from his eleetromyographic studies. His work covers not only normal gait pat- 
terns but also such pathological gait conditions as those found in statie deformities, 
poliomyelitis, spastic paralysis, and hemiplegia 

An indirect contribution to the study of gait, but one intimately related to it, is the 
work of Hans von Baeyer. In 1933, he reported to the International Orthopaedic Congress 
what he called the synopsis of muscle function. Particularly, his work was concerned with 
the muscle combinations acting upon the extremities. This research is fundamental in 
the study of gait because, in essence, it is a study and an analysis of muscle actions as they 
effect not the periphery but the proximal end of the lever arm,— quite in contrast to the 
usual concept of a freely movable peripheral end. His was the concept of the closed kinetic 
chain, that is, a situation in which peripheral resistance much exceeds central resistance. 
This is amply documented by the mechanism of the gait and is, in faet, the background of 
the mechanical concepts of propulsion and restraint. 

It was only with the realization that the kinetics of human gait reveals and enlightens 
many situations which directly concern the practising physician that the need for more 
complete knowledge of the dynamic aspects of gait became apparent. Many surgeons 
who had looked askance at the kinesiology of gait as being theoretical balderdash were 
now awakening to the faet that it is actually a source of valuable and even indispensable 
guidance in their own clinical praetice. We are glad to see that the last few decades have 
become much more fruitful and that contributions on the study of the mechanics of gait 
are now being accepted liberally by scientific journals. 

Marlier physicians concerned themselves with the pressures of the floor reactions and 
their variations under pathological conditions. In this, the book by Dudley Morton on 
the foot has been a guiding factor 

It is here that we must give credit to the work of R. Plato Schwartz. He started his 
investigations of gait by a basograph recording of pressure at contact points of the foot. 
His publications have appeared in The Journal of Bone and Joint Surgery in 1928, 1932, 
1933, 1934, 1935, 1936, 1937, and 1947, in his own name or in cooperation with A. L. 
Heath. Schwartz made use of the pneumatie sole of Carlet in order to determine the change 
of pressure at the contact points of the foot. He continued with ever-Improy ing methods, 
availing himself finally of electrical contact apparatus (somewhat analogous to that used 
by Scherb in 1936) to register the actions of the different muscles in gait and to determine 
the time of pressure of the heel, the big toe, and the little toe, and to present it graphically. 
In his most recent publication (1947) he deals with quantitative investigation of the 
changing pressure and takes advantage of the pressure sensitivity of carbon dises to record 
pressure changes as they exist in normal as well as in pathological conditions of the foot 

In more recent years the interest in the analysis of gait has turned more to the dvnamic 
side of the problem. This aspect, which had been so ably and persistently inaugurated by 
Scherb and others, has found its foremost votary and promoter in Verne T. Inman of 
San Francisco. His studies on the action of individual muscles cover many situations. So 
far as gait is concerned, his outstanding contribution is the clectromyographic analysis of 
the hip museles in their static as well as their dynamic functions and both in qualitative 
and quantitative respects. He has been able to present electromyographic tables upon 
the dynamic dysfunction of muscles which are engaged in the performance of locomotion. 
To one who is conversant with the work of Scherb as well as that of Inman, it will be most 
gratifying to find how closely the results of the former's palpatory method tally with the 
results of the latter’s more refined technique. This conformity can only add to the eredit 
of both of these leaders. Inman espn clally has enriched our knowledge of the mechanics of 
gait by establishing the intensity as well as the duration of the muscle effort and therehy 
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INTRODUCTION 


Human locomotion is a phenomenon of the most extraordinary complexity. Although 
the primary objective of locomotion may be simply stated as the translation of the body 
from one point to another by means of a bipedal gait, its analysis requires the collection of 
an enormous amount of data in order to follow the entire eyele of events. It is evident that 
a complete description of locomotion involves consideration of both the kinematics and 
kineties of the extremities in all their manifold details; but such knowledge, even if com- 
plete, would be of little value to the orthopaedic surgeon unless it were integrated to evolve 
a concept of locomotion from which deductions can be drawn and applied to the analysis 
of the clinical problems whieh daily confront him. However, the synthesis of all the ele- 
ments Which simultaneously participate in locomotion, although an ideal worthy of 
achievement, is a task of such magnitude and difficulty that its early attainment cannot be 


expected. Therefore, it is our purpose to limit ourselves in this paper to a consideration of 


what we have called the primary determinants of human locomotion and to examine these 
determinants in relationship to pathological gait. It is our expectation that, by an appre- 
ciation of these fundamental determinants, the orthopaedic surgeon will be able to analyze 
disorders of locomotion with greater precision and to apply corrective measures with a 
fuller understanding of the interrelationships which exist between the various segments of 


the locomotor mechanism. 


METHODS 


The data upon which the present analysis of the fundamental determinants of gait is 
based were obtained with the aid of a variety of techniques. Since a study of locomotion 
involves the recording and the measurement of the magnitudes, directions, and rates of 
change of the translations, rotations, and forces occurring in the body with respect to the 
three coordinate axes in space, a number of methods must be employed in order to obtain 
the different types of data. No one technique will yield all the desired information. The 
choice of a particular method is dictated by such factors as the simplicity of recording, the 
ease of reduction of the data, and the accuracy of the findings. The details of the tech- 
niques employed have been described elsewhere * and, for reasons of space, cannot be 
discussed here; but they will be briefly mentioned. The displacements of the extremities 
were determined by several methods. One of these consisted of a glass walkway which per- 
mitted the study of the displacements in the three planes of space simultaneously. By 
measurement of the displacements as a function of time, the velocities and accelerations 
of selected points were calculated. Displacements in the sagittal plane were also obtained 
by an interrupted-light technique similar to that employed by Marey. This method per- 
mitted the calculation of the components of velocity and acceleration in the plane of 
progression with great accuracy. Electrical accelerometers were used to check the findings 
but were found to be inferior to methods of graphonumerical differentiation. The trans- 
verse rotations of the limb segments were most accurately determined by the insertion of 


* Based on two papers read at the Joint: Meeting of the Orthopaedic Associations, London, July 1, 1952. 
TA contribution from the Biomechanics Group aided by grants from The National Foundation for 
Infantile Paralysis, Inc., and the National Research Council, Advisory Committee on Artificial Limbs. 
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pins into the bones. High-speed motion-picture photography proved to be of qualitative 
value only, but it was useful for the examination of motions of minor magnitude. In some 
instances cineradiography had «a limited usefulness. The gravitational and muscle forces 
were studied by means of electromyography and by the use of force plates. Eleetromyog- 
raphy was most valuable in determining the precise phase of muscle activity. The force 
plate, which will be mentioned in greater detail later, allowed the direct measuring from 
the ground reactions the magnitudes of vertical force, torque, and horizontal shears, as 
well as the center of pressure on the foot. In addition special techniques were devised to 
determine physical constants, such as the centers of gravity, the relative masses of the 
segments, and the calculation of the mass moments of inertia. The data presented are for 
level walking at the cadence normal to the subject investigated. 


THE CENTER OF GRAVITY OF THE BODY 


In order to present a simplified concept of the phenomena of locomotion, it is con- 
venient to consider the behavior of the center of gravity of the body during the cycle of 
motion. By so doing we introduce an abstract conception, since we assume that the entire 
weight of the body is concentrated at that point. The limbs may be regarded, therefore, as 
weightless levers of the body. This enables us to avoid for the most part the discussion of 
the forces acting upon the individual segments and to limit consideration to those oper- 
ating at or influencing the center of gravity itself. In this way, we are able to treat of 
locomotion in a somewhat idealized fashion which permits the analysis and synthesis of 
the fundamental features concerned in the translation of the body and its energy require- 
ments. Furthermore, the selection of the center of gravity as a point of reference from 
which to depart possesses distinct advantages since the displacement pattern of the center of 
gravity may be regarded as constituting the summation or end result of all forces and motions 
acting upon and concerned with the translation of the body from one point to another during 
locomotion 

Under static conditions, the center of gravity of the body has been determined by a 
number of methods. [ts position was found in cadavera by the familiar experimental tech- 
nique of double suspension and in living subjects by the use of a balanced beam and by 
calculation from volume contour maps of the body. The results from these several methods 
are all in reasonable agreement. In adult males and females, it is estimated that the center 
of gravity of the body lies in the mid-line at a distance from the ground corresponding to 
about 55 per cent. of the total stature (individual variations being * 1.25 per cent.) |. 
With reference to the vertebral column, the center of gravity occupies a position just 


anterior to the second sacral vertebra. 


The Displace ment of the Center of CGrravity 


The rhythmic upward and downward displacement of the body is a feature of loco- 
motion which is familiar to all. It may be seen subjectively in the upward and downward 
bobbing” 


fluctuation of distant object son which the vision is fixed, and object ively in the 


up and down of the head of a person, very noticeable when he is walking out of step in the 


company of others. These fluetuations reflect the displacement of the center of gravity in 
the vertical plane. The pathway described by the center of gravity in the plane of progres- 
sion is a smooth undulating or sinusoidal curve. The form of this curve may often be seen 
when a small boy holding a piece of chalk against his body at approximately the level of 
his center of gravity scribbles a wavy line on a wall or fence as he walks parallel to it (Fig. 1). 
The laboratory methods of recording the displacement of the center of gravity are no 
more than an elaboration of this childhood pastime. The position of the center of gravity is 
marked upon the body and the subject walks along a wall on which a coordinate system 
has been drawn. He is photographed by synchronized cameras from different aspects and, 
after correction for parallax, the displacements are determined in the various axes and 


THE JOURNAL OF BONE AND JOINT SURGERY 


L 


DETERMINANTS IN NORMAL AND PATHOLOGICAL GAIT 


Kia. | 
The line drawn on the glass window represents the approximate pathway of the center of 
gravity of the bodys 


are related to the precise phase of the locomotor cycle and to the ordinate of time. 

In normal level walking, the center of gravity of the body describes a smooth regular 
sinusoidal curve in the plane of progression. From this curve, it is determined that the 
center of gravity is displaced twice in a vertical direction during the cycle of motion from 
the position of the heel-strike of one foot to the subsequent heel-strike of the same foot, 


that is, as the body passes successively in a double pace over first the right limb and then 


the left. The total amount of this vertical displacement in normal adult males is about one 
and eight-tenths inches; individual variations are so small that they may be neglected. 
The summits of these oscillations occur at 25 and 75 per cent. of the cycle, each corre- 
sponding to the middle of the stance phase of the supporting limb; the opposite limb is at 
this time in the middle of the swing phase. At 50 per cent., or the middle of the cyele, the 
center of gravity falls to its lowest level; this position corresponds to the interval of double 
weight-bearing when both feet are in contact with the ground. As the curve is followed in 
its ascent and descent, it is found to fluctuate evenly between the maxima and minima of 
the displacement, with few if any irregularities. At its maximum vertical displacement, the 
center of gravity of the body always lies slightly below the level of the same center when 
the subject is standing. In other words, a person is slightly shorter when he is walking than 
when he is standing, sothat, if he were to walk through a tunnel the height of which corre- 
sponds exactly to his standing height, he could do so without fear of bumping his head, as 
he would have nearly one-half inch of clearance. 

The center of gravity of the body is also displaced laterally in the horizontal plane. 
Relative to the plane of progression, the center of gravity describes a sinusoidal curve, the 
summits of which alternately pass to the right and to the left in association with the sup- 
port of the weight-bearing extremity. The curve is smoothly undulating without irregu- 
larities and it is similar in form to that of the vertical displacement. The magnitude of the 
horizontal displacement in normal level walking is approximately one and three-quarter 
inches as measured from the extremes of the deviation from right to left. 

When the vertical and horizontal displacements of the center of gravity of the body 
are combined and are projected on the coronal plane, they are found to describe an almost 
perfect figure of eight, occupying approximately a two-inch square, since the vertical and 
horizontal deviations are almost equal. 
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\ three-dimensional picture of the pathway of the center of gravity in the line of 


progression is that of a spiral along which the center moves with almost even velocity 


big. 2 In a single evcle of locomotion from the right bheel-strike to the left toe-off, the 


center of gravity may be followed as it rises smoothly ton stummit at 25 per cent. of the 


evele; but at the same time it deviates to the right. As the center begins to descend, it 


smoothly deviates toward the left to continue this deviation as it once more begins to 


rise to a second summit at 75 per cent. of the cycle. When the second summit is reached 


and the center proceeds to fall, it begins to return gradually to the right and has reached 


the central axis of the forward motion as the evcle is completed 


DETERMINANTS OF GAIT 


Newton's first iw of motion states that every body continues in its state of rest or of 


uniform motion ina straight line, unless it be compelled by impressed force to change that 


state. Translation of a body in a straight line with the least expenditure of energy may be 


achieved mechanically by 


means of the wheel, but it is 


quite impossible by means of 


bipedal gait. The next most 


economical method would be 


translation of the body, as in 


locomotion, through a sinus- 


vidal pathway of low ampli- 


tude in which the deflections 


are gradual. Since force is 


equal to mass times accelera- 


tion (F ma) and accelera- 


tion is a funetion of time 


(a =v t), abrupt changes in 


the direction of motion com- 


pel a high expenditure of 


energy. In translating the 


center of gravity through a 


smooth undulating pathway 


of low amplitude, the human 


body conserves energy; and, 


us we shall see in considering 


pathological gait, the body 


Fic. 2 


will make every attempt to 


The intersection of the horizontal and the vertical displacements continue to conserve energy. 
produces the path iv of the center of yravity in locomotion z 


Developmentally, the achieve- 


ment of this pattern of progression would appear to have come about by natural experi- 


ment. In children the pattern of locomotion is variable and irregular, and it does not be- 


come stable until approximately the seventh vear of life. Therefore, it is of importance to 


analyze the factors which determine the pathway of the center of gravity, since from them 


we may gain considerable understanding of the locomotor mechanism and appreciate the 


influence of pathological abnormality, especially as regards the energy cost to the body. 


In order to do so, it is necessary to introduce at first certain purely theoretical considera- 


tions 


( ‘OM pass Gait 


For analytical purposes, let us consider the behavior of the center of gravity in a 


bipedal system in which the lower extremities are represented by rigid levers without foot. 
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In the hypothetical compass gait, the 
pathway of the center of gravity is a series 


ol ares 


hig. 4 


The influence of pelvic rotation flattens 
the ares of the pathway of the center of 
gravity 
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ankle, or knee mechanisms but are articulated at the equivalent of a hip joint. This permits 


flexion and extension only (Fig. 3). In such a system quasilocomotion would produce 


something analogous to the process of stepping-off distances with a pair of compasses or 


dividers. The pathway of the center of gravity of the system in forward translation would 


be a series of intersecting ares. The radius of these ares would be equal to the length of the 


levers representing the extremities and, with each step, the angular rotation at the hip in 


flexion would equal that in extension. Locomotion of this type might be imitated, but im- 


perfectly, by walking on the heels with the knee fixed in extension 


The energy cost to a person using the compass gait would be exceedingly high. In 


proportional terms of the average human stature and the length of stride, the center of 


gravity of the body would have to be elevated approximately three and three-quarter 


inches, which is double the normal vertical displacement. At the point of intersection of 


the ares, the abrupt change in direction of the forward acceleration would require the ap- 


plication of force of considerable magnitude. Nonetheless it is from a consideration of such 


a simple model that the determinants of locomotion can be followed. 


The First Determinant: Pelvic Rotation 


In normal level walking, the pelvis rotates alternately to the right and to the left, 


relative to the line of progression. At the customary cadence and stride of average persons, 


the magnitude of this rotation is approximately 4 degrees on either side of the central axis, 


or a total of some 8 degrees. Since the pelvis is a rigid structure, this rotation occurs alter- 


nately at each hip joint which passes from relative internal to external rotation during the 


stance phase 
The significance of pelvie rotation can best be appreciated by a study of our theoreti- 


cal model (Fig. 4). The effects ot pelvic rotation are to flatten somewhat the are of the 


passage ol the center of gravity in compass gait by elevating the extremities of that are 


In consequence, the angles of inflection at the intersections of successive ares are rendered 


less abrupt and, at the same time, are elevated in relation to the summit. In this way, the 


energy cost in locomotion is greatly reduced. The loss of potential energy is more gradual, 


and the foree required to change the direction of the center of gravity in the succeeding 


are of translation is less. The angular rotation at the hip in flexion and extension is re- 


duced, and the energy required for the internal oscillation of the member is conserved 


Tilt 


In normal locomotion the pelvis is tilted or lists downward relative to the horizontal 


The Second Determinant: Pelvic 


plane on the side Opposite to that of the weight-bearing limb (positive Trendel nburg 


The alternate angular displacement is on the average 5 degrees. The displacement occurs 


at the hip joint producing an equivalent relative adduction of the extremity in the stance 


phase and relative abduction of the extremity in the swing phase of the cycle. To permit 


pelvic tilt, the knee joint of the non-weight-bearing limb must flex to allow clearance for 


the swing-through of that member 
The effects of pelvic tilt on the pathway of the center of gravity are evident in the 


experimental model (Pig. 5). As the lateral list occurs while the body is passing over the 


vertical supporting member, the center of gravity is lowered. Thus the summit of the are 


of its translation falls and still further flattening of the pathway results. The saving of 


energy by the cutting of the vertical displacement of the center of gravity in half is obvi- 


ous. Further energy is saved by greater reduction at the inflection of the ares. The flexion 


of the knee of the limb in the swing phase likewise conserves energy by the shortening of 


the pendulum 


The Third Determinant: Knee Flexion in the Stance Phase 
\ characteristic of locomotion is the passage of the body weight over the supporting 
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Fhe efiects of pelvic tilt on the non 
wetght-beering side further flatten’ the arc 
of transle ion of the center of gravity 


Note that the effects of knee flexion 
combined with pelvic rotation and pelvic 
tilt achieve minimal vertical displacement 
of the center of gravity 
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The net effect of the determinants, pelvic 
rotation, pelvic tilt, and knee flexion, produces 
flattening of the are of the center of gravity. This 
is the equivalent of progressive lengthening of 
the extremity with the same length of stride and 
reduction in the range of flexion and extension of 
the hip as exemplified in the series of figures 


extremity while its knee joint is un- 
dergoing flexion. The supporting 
member enters the stance phase at 
heel strike with the knee joint in full 
extension. Thereafter the knee joint 
begins to flex and continues to do so 
until the foot is flat on the ground 
The average magnitude of this flex- 
ion is 15 degrees. Immediately ante- 
rior to the middle of the period of 
full weight-bearing, the knee joint 
once more passes nto extension 
Which is immediately followed by 
the terminal flexion of the knee. 
This begins simultaneously with heel 
rise, as the limb is at length carried 
into the swing phase. This period of 
The effects of the ares of foot and knee rotation smooth the stance phase, occupying about 
out the abrupt inflexions at the intersection of the ares 40 per cent. of the cycle, is referred 
of translation of the center of gravity ee period of “double knee 
lock’, since the knee is first locked in extension, unlocked by flexion, and again locked in 
extension prior to its final flexion. 

If we examine the model (Fig. 6), the effects of walking over a flexed knee become 
apparent. The summit of the are described by the passage of the center of gravity is still 
further lowered with the conservation of energy by reduction of its vertical displacement. 

These three determinants of gait—pelvie rotation, pelvic tilt, and knee flexion—all 
act in the same direction by flattening the are through which the center of gravity of the 
body is translated. The first-—pelvic rotation—elevates the extremities of the are. and the 
second and third—pelvic tilt and knee flexion—depress its summit. The net effect is the 
passage of the center of gravity through a segment of a circle, the radius of which is two 
and two-tenths longer than the length of the lower extremity (Fig. 7). The relative length- 


ening of the extremities reduces materially the range of flexion and extension at the hip 
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The influence of the several determinants of gait on the passage of the center of gravity is seen in this 
‘exploded”’ view of locomotion in which each stage of motion is equally spaced 


joint required to maintain the same length of stride. The relative elongation of the ex- 


tremities plays an exceedingly important role in permitting increased velocities of gait at 


slight increases in energy cost, since greater velocities of locomotion are achieved by the 


lengthening of the stride rather than by increases in cadence 


The Fourth and Fifth Determinants: Foot and Knee Mechanisms 


In the discussion of the fourth and fifth determinants of locomotion, we are concerned 
with the smoothing out of the pathway of the center of gravity in the plane of progression 
at the point of intersection of its ares. Accurate recordings of the phase relationships of the 


angular displacements at the ankle, foot, and knee show that their motions are intimately 


related. Two intersecting ares of rotation are established at the foot during the stance 


phase (Fig. 8). The first are occurs at heel contact and is deseribed by rotation of the 


ankle about a radius formed by the heel. The second are is made by the rotation of the 


foot about a center established at the fore part of the foot in association with heel rise. 


At heel contact the foot is dorsiflexed and the knee joint is fully extended, so that the 


extremity is at its maximum length and the center of gravity has reached its lowest point 


of downward displacement. Rapid plantar flexion of the foot, associated with the initiation 


of knee flexion, maintains the center of gravity with its forward progression at approxi- 


mately the same level for some time, thus flattening and slightly reversing the curvature 


at the commencement of its are of translation. The termination of this are is similarly 


flattened and slightly reversed by flexion of the second knee associated with heel rise. The 


effects of the rotations at the foot on the displacement pattern of the knee and the center 


of gravity are illustrated in Figure 8. The obliteration of the abrupt inflexions at the point 


of intersection of the ares of translation of the center of gravity smooths the gait by 


establishing a sinusoidal pathway for its progression with a great reduction of energy cost. 


The translation of the center of gravity in the plane of progression is illustrated in an 


‘ 


“exploded” view (Fig. 9). 


The Sirth Determinant: Lateral Displacement of the Pelvis 


As has been mentioned, the center of gravity of the body is displaced laterally over 


the weight-bearing extremity twice during the eyele of motion. This displacement is pro- 


duced by the horizontal shift of the pelvis or by relative adduction at the hip. If the 


extremities were parallel to one another, the amount of this displacement would neces- 


sarily be half the interval between the axes of the hip joints, that is, approximately three 


inches (Fig. 10). Excessive lateral displacement is corrected by the existence of the 


tibiofemoral angle (Fig. 11) which, together with relative adduction at the hip, reduces the 


displacement to about one and three-quarter inches so that it approximates that of the 


vertical displacement. Thus the deviation of the center of gravity is almost symmetrical 


in both horizontal and vertical planes. Together, these deviations of the center of gravity 
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Fig. LO: If the limbs were parallel, there would 
be excessive lateral displ cement of the center 


11 
ol gravity 


Fig. tl: Through the influence ot 


i tibiofemoral angle 
lateral displ ieement is corrected 


The sum of the effects of the several determinants on the pathway of the center of gravity 
is viewed in true phase relationship 
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DETERMINANTS IN NORMAL 


contribute to the establishment in the plane of progression of the spiral of appre <imately 
equal axes and add smoothness to the gait, since all sharp inflexions are obliteratea and are 


replaced by a sinusoidal curve. The sum of these factors is illustrated in true phase rela- 


tionship in Figure 12. 


PHE CLINtCAL EXAMINATION OF GATI 


Individual variations in locomotion are due to exaggerations in one or another of 
these several determinants. Owing to the interaction between the various factors, exag- 


gerations in the range of one determinant are compensated for by reductions in another, 


so that the final pathway of the center of gravity remains essentially the same in that it is 


the most economical to maintain. Even gross pathological disturbances of the limbs have 
little influence on the fundamental pattern, since the loss of one function is frequently well 
compensated for by the exaggeration of another. Therefore, in the clinical examination of 


disorders of gait, the attention should be focused serially on the six determinants already 


described, and the exaggerations and losses in their range should be noted. In this way 


even minor disturbances of gait may be readily assessed. 


Kraluation of Pathological Gait: Enerqy Levels 


Before pathological gait is considered, something should be said concerning the energy 
levels during locomotion. In order to avoid lengthy mathematical formulation, qualitative 
terms will be largely employed. The energy level of a body is the sum of its potential and 


kinetic energies. If no work is done, the energy level is constant, as in the classical ex- 


ample of a simple pendulum where the loss of potential energy is exactly compensated for 


by the gain in kinetic energy. When the energy level is not constant, then work must be 
done in order to produce the change in energy level. In the computing of the energy levels 
of the different segments of the lower extremity, it is found that the levels are not con- 
stant. The difference is a measure of the work done by the muscles at the joints. The net 
result is the forward displacement of the body, but a large portion of the energy is dissi- 
pated in the rotations of the segments. These effects are referred to as the output and in- 


put of energy respectively 
From studies of the energy levels, it has been established that the out put of the ankle 


and hip is considerably greater than the input; therefore, most of the energy required for 


level walking is provided by the muscles acting on these joints. In the case of the knee 
joint, the output is so much less than the input that this joint predominantly absorbs en- 
ergy. However, the knee decreases the vertical motion of the body by flexion; and, al- 


though energy is dissipated in the process, the overall energy requirement is less than 


would be necessary in walking over a rigid knee. Additional energy is absorbed by the knee 


to decelerate the leg and foot during the swing phase. Nonetheless, not all of the energy 


absorbed by the knee is lost. A considerable portion is stored and is returned to the system 


in the later part of the swing phase by imparting continued forward acceleration to the 


body at the time when most of its potential energy is lost. Thus locomotion is not only 
due to the “push” of the member in support but also to the “pull” of the deceleration at 


the swinging knee 
The energy expended during straight and level walking at a constant cadence is 


divided approximately equally between the production of rhythmic oscillations of the legs 


and the elevation and depression of the center of gravity of the body. If the human 


mechanism were a truly efficient machine, the kinetic energy in the system would be con- 


verted into potential energy and would be stored until it is required to initiate movement 


in one or more of the segments of the body. However, since the muscles, when stimulated, 


expend energy both during contraction and elongation, energy storage is never complete or 
recoverable. There is evidence, however, that under certain specific and rigid situations, 


energy storage does occur in the muscular system and perhaps as much as 40 per cent, of 
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VERTICAL LOAD 


FUSED ANKLE NORMAL ANKLE 


10 
TIME, SECONDS 


~ 


POUNDS 


FORE AND AFT 


13: The vertical acceleration of the body 

panarthrodesis of one foot is 
vn. There is no ippreciable difference be- 

ween records of the fused ankle and the normal 
kle (upper figure). The lower figure illustrates 
it the fore and aft shears are not altered 


person W ith 


Fig. bt: The abrupt inflexion in the ares olf 
motion at the fused ankle is transmitted to the 
ee joint which by excessive flexion maintains 
the smoothness of the path of translation of the 


nter of gravits 


the eneres put into the locomotor mech- 
anism is recoverable. The factors which 
permit this energy storage and recovery 
will not be discussed here, but they in- 
volve the precise timing of the muscle 
contraction to the displacements of the 
moving segments, the limiting of the 
muscle contraction to very brief periods 
a of activity, and the action of two joint 
muscles 
\s the center of gravity of the body is displaced through its sinusoidal pathway of low 
amplitude, energy is expended during its elevation, and only a portion of this energy is 
recovered on its descent The net result is a continual expenditure obenergy The magni- 
tude of this expenditure is qualitatively appreciated by the common experience that 
walking up a slight grade is much more fatiguing than walking on the level, whereas walk- 
ing down a gentle slope is still easier. A descending grade of approximately 1 per cent 
requires little or no elevation of the body against the pull of gravity 
With the loss of one of the major determinants as a result of injurv or disease, the 
remaining mechanisms will compensate within their ability to produce an over-all displace- 
ment of the center of gravity of the body through « sinusoidal path of low amplitude, since 
this requires the minimal expenditure of energy “Phat this is true is confirmed by an 


analysis of pathological gait 
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DETERMINANTS IN NORMATI 


The Force Plate 


A ready means. Is available for the 


determining of the vertical displicement of 
the center of gravity of the body through the 
use of a force plate \ force plate is a device 
for measuring the ground reactions, including 
torque, during locomotion. Essentially the 
apparatus consists of a heavy metal plate 
which is rigidly supported by four metal 
columns to which ure bonded a series ol 
opposing pairs of strain gages (some filty 1. 
all). The deformations in the x, y, and z 
coordinates, as well as torque, are measured 
by balanced bridge circuits and are recorded 
on an oscillograph. In operation, two such 
force plates are employed; the subjeet. step 
ping, in the course of walking, first on one, 
then on the other plate. ‘These are set flush 
with the walkway. In essence, the apparatus 
acts as an inertialess scale of grest sensitivity 
The torce plate records directly the vertical 
accelerations. From these measured accelera- 
tions, it is easy to calculate the displacement 
of the center of gravity of the body by geomet 
ric integration. Furthermore, since the force 
plate measures accelerations, it is exceedingly 
sensitive to any changes in the normal dis- 
placement pattern of the body as a whole 
and is more accurate than photographic 
methods for the determination of sudden 
deviations of the center of gravity of the 
body caused alterations acceleration 
The force plate " therefore, becomes a Very 


useful instrument for the study of patholog 


the degree of compensation which has occurred following the loss of one or more of the 


major constituents of the lower extremity. 4 


are amplified when they are recorded as changes in vertical acceleration 


PATHOLOGIE 


When a person with a panarthrodesis of 


vhanges in the displacement pattern ol the 


angular changes in the knee and hip compensate for the functions lost in the foot and 


ankle. The degree of compensation may be measured by recording the vertical accelera- 


tions of the force plate. In the force-plate reco 


the only abnormality is the shock wave noted during the transition of body weight from 


the sound to the arthrodesed foot (Fig. 15 
the body is normal and is accomplished by ex 


of the arthrodesed joints. Beeause of the fixed ankle, the displacement of the knee joint 


is over two intersecting arcs, the centers of w 


foot. However, an exaggeration of the initial 
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knee and hip may be noted. These small 
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VERTICAL FLOOR 
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PERCENT OF CYCLE 


VERTICAL FLOOR REACTION FOR 
SUBJECT WITH FUSED HIP 


The difference in the floor reactions in the presence ob a fused hip is shown. These 
thnormalities are reflected on the normal side and are indicative of the attempt to com- 
pensate at the normal hip for the loss of motion on the affec ted side 


normal displacement pattern of the center of gravity of the body (Fig. 14). Thus the 
complete loss of the foot and ankle mechanism has been completely compensated for 
by slight modifications in the behavior of the knee and hip with retention of the normal 
pattern ol displacement of the center of gravity of the body. 

\ similar compensatory mechanism is well depicted in the change in gait seen in 
women while they are walking in shoes with various heights of heels. In low heels, the 
angular displacement of the various segments of the lower extremity are similar in both 
sexes. However, high heels decrease the contributions of the foot to the integrated whole 
and this loss is made up by modifications in the remaining constituents, namely, the 
pelvis, hips, and knees. The initial knee flexion is increased and the pelvic tilt and rotation 
are exaggerated, producing the characteristic gait which is familiar to all. This is, how- 
ever, not merely an affected gait, since the force-plate records show that in this gait 
similar vertical accelerations are achieved, whether the person is in high or low heels 
hig. 15). The exaggerated movements of the pelvis and the increased hip and knee 
flexion are compensatory motions to offset the loss of the foot: mechanism caused by 
the wearing of high heels, with the result that a normal pathway of displacement of the 
center of gravity of the body is maintained 

When the knee is immobilized, its important contribution to the orderly and harmoni- 
ous arrangement of the segments of the lower extremity obviously is lost. The limp which 
characterizes a patient with a stiff knee requires no detailed description, but certain 
of the compensatory movements in the remaining normal segments should be pointed 
out. To gain clearance for the foot, excessive elevation of the pelvis on the affected side 
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is necessary, or an increase in the heel rise is required on the normal side. However, in 
spite of these deviations from what are considered as normal bodily motions, the center 
of gravity of the body retains a remarkably constant and nearly normal path of vertical 
displacement as noted from the force-plate records. This is particularly true if flexion at 
the knee of from 15 to 20 degrees is preserved at the time of its fixation. 

The mechanisms of the lower extremity apparently are able to compensate reasonably 
well for the stiff knee as far as the maintenance of the normal pathway of the center of 
gravity of the body and the minimizing of the energy loss necessary for external work. 
Ilowever, the energy necessary to initiate the swing phase on the side of the stiff knee 
is increased to almost three times that of the normal. The flexion of the knee and, to a lesser 
extent, the flexion of the hip, which oecurs late in the double weight-bearing phase and 
early in the swing phase of walking, is produced partly by the upward thrust imparted 
to the leg by plantar flexion of the foot and partly by the flexor muscles of the hip, the 
latter contributing approximately one third and the former, approximately two thirds. 
Karly flexion of the knee at the initiation of the swing phase is important, since it converts 
the leg into a double pendulum and thus decreases the moment of inertia of the whole 
lower extremity. This in turn decreases the foree requirement of the flexors of the hip. 
Fixation of the knee suppresses this mechanism and requires the hip flexors alone to initiate 
the swing phase. This demands that a force be exerted by the hip flexors that is several 
times greater than the normal as may be observed by the hesitancy at the commencement 
of the swing phase in the gait of a person with an arthrodesed knee. 

The importance of the knee joint in minimizing the energy requirements in locomo- 
tion should be emphasized. The knee contributes little toward the propulsion of the 
body through space, but the knee joint does function to reduce the energy necessary to 
initiate the swing phase and to smooth out the path of the center of gravity. Immobiliza- 
tion of the knee by arthrodesis, casts, or long braces leads to almost tripling the energy 
required to start the swing phase of the involved limb. A vivid example of the role played 
by the knee joint in human locomotion is provided by the experience gained in the study 
of prostheses for above-the-knee amputees. Much effort has been expended by the Ad- 
Visory Committee on Artificial Limbs of the National Research Council to develop 
mechanical and hydraulic devices to be incorporated into the prosthetic knee joints. 
All of these mechanisms were intended to limit the heel rise at the beginning of the swing 
phase and to improve the appearance of the amputee’s gait. However, the increased 
resistance to flexion and extension in the knee joints, which the devices provide, requires 
the amputee to expend more energy. (The devices were, therefore, disliked by the ampu- 
tee.) Many an amputee would leave the limb shop with a well functioning device and an 
improved appearance in his gait, only to return at a later time with a free-swinging knee 
joint with its resultant abnormal heel rise. With a wrench and a screw driver the amputee 
had managed to render the mechanism functionless so that the energy cost was lowered at 
the expense of the aesthetic appearance of his gait. 

The exponents of pylons for above-the-knee amputees realize the importance of 
the knee joint in decreasing the amount of energy required to initiate the swing phase on 
the amputated side when they insist that a pylon should be as light as possible in weight. 


The reduction of the weight placed distally in the extremity does not appreciably increase 


the moment of inertia over that of the stump itself and thus requires minimal effort to 
start the swing phase. In the conventional prosthesis, the conversion of the lower extremity 
into a double pendulum by the incorporation of a free knee joint obviates, to a certain 
degree, this difficulty. 

The relatively inconspicuous limp caused by an arthrodesed hip in good functional 
position can easily be detected by abnormalities in the vertical floor reactions (Fig. 16). 
The remaining normal segments of the inferior extremity are able to compensate only 
partially for the loss of the hip joint. It will be recalled that pelvic rotation and pelvie tilt 
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are important factors in decreasing the vertical displacement of the center of gravity 
of the body At the poml of maximal elevation of the center of gravity of the body, the 
hip joints are in mid-position with respect to rotation. From this point to the position of 
double weight-bearing, in which the feet are widest apart in the stride, the pelvis rotates 
externally about the weight-bearing hip joint. This may be expressed as internal rotation 
of the femur with respect to the pelvis. This movement, although of small magnitude, is 
of considerable importance. When the hip is atfected by diseare with resultant limitation 
of motion, tt will be found that the hip will be held in external rotation during the swing 
phase so as to be in a position to make available during the stance phase what little internal 
rotation remains and to allow the pelvis to rotate in an approximately normal manner. 
The loss of one of the major joints of the extremity is almost fully compensated for 
by exaggerated motions at other levels as studies in below-the-knee amputees clearly 
reveal. In such eases the vertical floor reactions indicate that the center of gravity of the 
body is still translated smoothly through a sinusoidal pathway at low energy cost. How- 
ever, the amputee who has lost both foot and knee is unable to compensate satistactorily 
and the vertical floor reactions deviate markedly from the normal pattern. Because of the 
minor changes in direction from the smooth sinusoidal pathway of the center of gravity, 
high accelerations are required which dissipate energy and make such deviations very 
costly. So great is the cost that, as our experience has shown, .he loss of two joints in 
the elderly subject will inevitably shorten life from the demands upon his cardiovascular 


system which must supply his requirements at the usurious rate of 300 per cent. 


SUMMARY 


Human locomotion is a phenomenon of the most extraordinary complexity in which 
so great are the multitude of individual motions occurring simultaneously in the three 
planes of space that analysis is dificult without some unifving principle. The adoption 
of the concept that fundamentally locomotion is the translation of the center of gravity 
through space along a pathway requiring the least expenditure of energy supplies the 
necessary unifving principle which permits of qualitative analysis in terms of the essential 
determinants of gait. The six major determinants are pelvie rotation, pelvic tilt, knee 
and hip flexion, knee and ankle interaction, and lateral pelvic displacement. The serial 
observations of irregularities in these determinants provides insight into individual varia- 
tion and a dynamic assessment of pathological gait. Pathological gait may be viewed as 
an attempt to preserve as low a level of energy consumption as possible by exaggerations 
of the motions at unatfected levels. Compensation is reasonably effective with the loss 
of one determinant of which that at the knee is the most costly. Loss of two determinants 
makes effective compensation impossible and the cost of locomotion in terms of energy 


is increased threefold with an inevitable drain upon the body economy. 
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ADRENOCORTICAL RESPONSE IN OPERATIVE PROCEDURES 
UPON THE BONES AND JOINTS * 


BY JAMES A. NICHOLAS, M.D., AND PHILIP D. WILSON, M.D., NEW YORK, N. ¥ 


Orthopaedic surgeons are accustomed to think of the responses of their patients to 
operations upon the bones and joints in terms of surgical reactions and of the success of 
such procedures as depending chiefly upon the perfection of operative technique and the 
soundness of the postoperative treatment. They give small heed to the complicated meta- 
bolic responses of the body which are set off by these operative procedures and which 
must to a greater or lesser extent influence their outcome. These metabolic changes are 
largely the result of the interplay among the hypothalamus, the pituitary, and the adrenal 
glands 

While these endocrinological reactions are being extensively studied by internists and 


general surgeons, nothing has vet appeared to show that orthopaedic surgeons are awake 
to their importance. Yet the field of orthopaedic surgery is an interesting one for investi- 
gation, because it is quite different from that of surgery of the abdomen and thorax. Its 
operative procedures are of equal severity, but are performed upon the bones or joints and, 


because of the slow healing of these structures, often require prolonged immobilization of 
the parts in plaster-of-Paris encasements or protection by traction or braces. In addition, 
metallic devices are frequently used for internal fixation, and plastic or metallic appliances 
may be inserted as artificial replacements for damaged portions of the skeleton. These 
differences raise questions about the metabolic responses of the body under these special 
conditions and their possible influence on bone healing '’. It seemed important to try to 
answer them by undertaking a study of adrenocortical function following injury or opera- 
tion upon the skeletal system. As Prof. F. D. Moore of Harvard stated recently in dis- 
cussing a paper presented before the American Surgical Association: ‘We, as surgeons, 
are endocrinologists whether we like it or not. We must discipline our thinking, bring our 
terminology into harness, and keep our concepts clear as we pilot our way through these 


next few confusing years of increasing knowledge of surgical endocrinology.”’ 


OBJECTS OF STUDY 


We set out to study the general adaptation syndrome with relation to orthopaedic 
surgical procedures and we tried to define our objectives in the form of questions as 
follows: 

1. Is there any evidence of stress from prolonged immobilization or corrective plas- 
ters? 

2. What are the effects upon the adrenal responses of major multiple-stage operations 
such as may be required in scoliosis, Pott’s disease, or poliomyelitis? 

3. May long-continued stress produce metabolic responses which are inimical to 


wound and bone healing? 

1. What are the effects of chronic infection such as tuberculous joint disease or chronic 
osteomyelitis? 

5. Does the operative insertion of metallic appliances or plastic prostheses in the 
body create a condition of stress? 

6. Do bone tumors create a condition of stress and, if so, ean the demonstration of 
this condition be of any diagnostic significance? 

7. Is there any evidence that, in cases of prolonged stress, a condition of adrenal 
refractoriness or depletion may develop in which hormonal replacement therapy may be 
indicated? 


* Read at the Joint Meeting of the Orthopaedic Associations, London, July 1, 1952. 


VoL. 35-A, NO. 3, JULY 1953 


A 
yrs 
nae 
Ls) 

| 

: 
Pe 
i 


560 J. A. NICHOLAS AND P. D. WILSON 


MECHANISM OF ADRENAL STIMULATION AS A RESULT OF A FRACTURE 
HYPOTHALAMUS 


PITUITARY 


ADRENAL 
MAIN ACTIVITY 
| Increased protein breakdown and 
sugar production 

| GLUCOCORTICOIDS 2 Caloriegeric action 

.e. Cortisone 3 Gluconeogenesis enhanced 

and nd F 

— 4 Inhibition of lymphoid tissue 


5 Inhibition of inflammation and 
other effects not yet clearly 
ascertained 

2 MINERALOCORTICOIDS = Retention of salt 
Loss of potassium and /esser effects 


— CORTEX 
DULLA, 


3 Androgenic Steroids _ 
Protein Sparing and other effects 


tke compounds 


Cuarr | 
Depicts the mechanism which is supposedly invoked following injury 


In summary, our aim was to study the departure from the normal of adrenal function 
following orthopaedic operations either toward hypofunction, which in the extreme is 


Addison’s disease or toward hyperfunction, which may result in Cushing's syndrome 


PHE ALARM REACTION AND ADRENOCORTICAL FUNCTION 


When sudden stress is thrown upon the body by injury, such as a fracture of the 
femur or operative trauma, a stimulus is relayed to the pituitary, probably by way of the 
hypothalamus, and corticotropin (ACTH) is released. This causes adrenocortical stimu- 
lation and, as a result, steroids are produced and circulated in increased quantity through- 
out the body (Chart [). This ‘‘alarm reaction” is considered to initiate physiological 
responses for the conservation of life and to adapt the body to cope more easily with 
harmful influences. The long-term clinical systemic effects of the action of these cortico- 


steroids constitute what is called the “general adaptation syndrome” * * ® ". 

Although there are many classifications of the adrenocortical hormones, probably 
the simplest is their division into three categories namely, glucocorticoids, mineralo- 
corticoids, and androgenic steroids. Whether one type of steroid is transformed into three 
or more hormones, or whether three types of corticoids are separately secreted has not 
vet been ascertained 


The glucocorticoids, which include cortisone and compound F, exert their effects 


mainly upon glucose metabolism, but they also have many lesser effects. Their action is 
j 


chiefly catabolie and anti-anabolic; for this reason they are of importance to the surgeon 
because of their effect upon elements which play a part in wound repair and bone healing 
Among their effects the following have been noted 
I. Increased gluconeogenesis (sugar production) ; 
2. Increased breakdown of protein; 
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3. A calorigenic effect which provides an increased amount of energy to meet the in- 
creased metabolic requirements created by stress °; 

1. An anti-inflammatory response; 

5. An antihyaluronidase effect which is believed to aid in decreasing the exudative 
response to trauma; 

6. A drop in the level of vitamin A and vitamin C circulating in the blood stream ; 

7. A drop in the level of circulating eosinophils. This has been shown to be due chiefly 
to the action of cortisone and hydrocortisone (compound F) ; 

S. Regression of lymphoid tissue; 

9%. Lesser effects on mineral metabolism. 

The mineralocorticoids exert powerful effects upon electrolyte balance and especially 
cause sodium and chloride retention and increased potassium excretion. Little is vet 
known of their effeets on the metabolism of calcium. 

The exact role of androgenic steroids is not quite clear; their action is thought to be 
anabolic or anticatabolic and somewhat similar to that of testosterone. 

More is known about the effects of cortisone than those of any of the other cortical 
steroids. It has been shown to exert powerful immunological, metabolic, and other physio- 
logical effects. Prolonged stress causes the liberation of increased quantities of cortisone 
and hydrocortisone (compound F) and other glucocorticoids which may exert. significant 
effects upon the healing of wounds and of bone 

Sufficient alarm produces a general adrenocortical response. The presence of increased 
quantities of glucocorticoid, mineral corticoid, and androgenic steroids can be determined 
by various chemical analyses of different substances in the blood and urine. For example, 
the amounts of sodium, potassium, and chloride can be measured in the blood and urine 
and give an indication of the mineralocorticoid response. Determinations of blood and 
urinary nitrogen and sugar, together with nitrogen-balance studies, show the activity of 
the glucocorticoids. [t is believed that measurement of the ketosteroids in the urine gives 
an indication of androgenie-steroid response and that quantitative analysis of the 
oxysteroids shows the glucocorticoid response ' '° 

To make the large number of Complicated chemical determinations which would be 
required to follow a large number of patients through the preoperative, operative, and 
postoperative phases in studying adrenocortical reaction would be prohibitively time- 
consuming and expensive. Fortunately, an easier method is available which has been 
shown by Thorn, Evans, and others to be an excellent indicator of adrenocortical activity. 


1s. 


This is the level of eosinophils circulating in the blood ' 


LOSINOPHIL LEVELS 


When cortisone or hydrocortisone (compound F) are administered, a rapid drop 


occurs in the level of circulating eosinophils and the decrease bears a rough relationship 


to the quantity of hormone given. Of the various adrenal hormones tested, only the two 


mentioned above produce this result. After the hormonal effect ceases, the level of eosino- 
phils returns to normal or temporarily above normal. The administration of twenty-five 
milligrams of adrenocorticotropin (ACTH) also depresses the eosinophil level, usually by at 
least 50 per cent. within a period of four hours. Thorn used this asa test of adrenocortical re- 
serve and considered a response of less than 50 per cent. as indicative of dangerously 
lowered function 

It was observed before the turn of the century that the appearance of eosinophilia 
following illness often coincided with the patient's clinical improvement. Injury or opera- 
tive trauma is followed by eosinopenia, which is evidently the result of excitation of the 
pituitary with liberation of adrenocorticotropin (ACTH) which in turn stimulates adrenal 
secretions. Failure to develop eosinopenia following trauma is thought to be indicative of 
some disorder either at the adrenal or pituitary level * *. Rud, following a study of 525 
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A STUDY OF ADMISSION EOSINOPHIL LEVELS IN VARIOUS CONDITIONS AS COMPARED WITH CONTROLS 


I Ir w Mir 
TRA INFECTIONS BONE TUMORS ACUTE LOW CEREBRAL SCOLIOSIS CONTROLS 
FRACTURES- BACKS PALSY SLIPPEDEPIPHYSH ELECTIVES and 
or less) NON UNIONS ARTHRITICS 
a 
« 
70 x 
S00 on x 
x 
300 x 
xn 
25 
an 
2s an a” 
an 
an 
a x 
an 
N a 
x 
N 125 
x 
x a av 
y 4, a 
ad 
a” 
2s 
V=casts 
Cnarr Il 
Phe influence of stress can readily be seen in comparison of the columns 


subjects, noted that the eosinophil level behaved characteristically in health and mental 
disense 

It is recognized that this is a new field of study in which much remains to be learned, 
and it is also admitted that the determination of eosinophil levels is only a limited method 
of testing complete adrenocortical activity. Nevertheless, there is sufficient evidence in 
the literature to show that consecutive eosinophil counts, when done accurately and ac- 
cording to proper standards, may vield important information. It was because of this 
conclusion, reached only after careful study of the literature, and because of the ease and 
rapidity with which this method could be utilized frequently and consecutively in many 
patients, that we adopted it tor study of our patients both before and following orthopaedic 


surgical procedures 
METHOD OF STUDY 


In an attempt to eliminate common sources of error, we adhered rigidly to several 
specifications in our technique. We used standardized pipettes and chambers and used 
the same pipettes on the same patients. The stains were frequently filtered. We drew two 
cubic centimeters of venous blood and always counted four chambers. [If a difference of 
over ten cells in any chamber trom another was noted, the count was repeated until satis- 
factory spread was obtained. Since there is a slight variation in the morning and afternoon 
counts in the same patient, we made it a point to draw the blood at the same time each 


dav. Also we made use of Randolph's method, Finally, the counts were made always by 


the same team, one physician and one technician 
\ group of fifty-two control eases composed mainly of hospital personnel who were 
free from illness and known tension were first studied They were iy ided mntotwo groups 


of twenty-six each; the first group had morning counts and the second had afternoon 
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counts. The counts were performed on from six to eight separate days on each person and 
always at the same time of day. The results obtained were consistent and served to prove 
that our technique was accurate. To corroborate further our control study, we compared 
these counts with those made on a group of patients who underwent elective operations 
for the correction of various types ol deformity which had been incurred in childhood, 
but who were free of disease at the time of operation. The results here were identical with 
those in the controls 

The material for study was made up of 125 patients suffering from various types of 
skeletal injury or orthopaedic disease. Serial eosinophil counts were made from admission, 
during and following operation, and during convalescence, often many weeks after dis- 
charge from the hospital. Thorn tests were often carried out before operation and also at 
different stages of recovery when indicated. The patient's clinical behavior was carefully 
observed preoperatively, during operation, and postoperatively. rating system was 
devised by means of which the patient’s vital signs and elinieal course could be evaluated. 
These were recorded objectively, as were the amounts of sedations, medication, and other 
supportive treatment. Wound healing was observed and all complications were recorded, 
such as sloughing, separation, drainage, or marginal necrosis. The wounds were not rated 
as complicated unless their treatment prolonged the patient's hospital stay, Wound com- 
plications which oceurred within plaster casings, where pressure might have been a factor 


or where an obvious physical element accounted for it, were not included 


RESULTS OF STUDY 


Comparison of Eosinophil Levels of Newly Admitted Patients with Those of Normal Controls 
/ / : 


The results of a study of admission eosinophil levels in various orthopaedic conditions 
compared with a group of normal controls are shown in Chart TL. As we recognized that 
there may be considerable variability in the eosinophil counts at different times, serial 
counts were done on different days when possible and many ol the patients had repeated 
counts. It was observed that low counts varied only slightly, while counts above 200 varied 
considerably. Many showed a range of only plus or minus LO per cent. of the initial level. 
This indicated a marked consistency of eosinophil levels in our series 

The last column on the right in Chart IL indicates the average results in the fifty 
normal controls collected over a twenty-month period. The counts ranged between LOO and 
250 in 74 per cent., which is the range that Thorn considers normal. Only 6 per cent. of 
the counts were below LOO while 20 per cent. had counts above 250. As a result of these 
observations, we are inclined to feel that the upper limit of the normal range should be 
increased to 300 or 350. The fluctuation of counts did not exceed plus or minus 20 per cent. 
in 90 per cent. of the cases, while in 65 per cent. it did not vary over plus or minus 10 
per cent 

When the other groups of cases shown in Chart TT are studied, some interesting differ- 
ences can be noted in comparison with the control group. Patients with recent fractures 
of bone, infections, or acute low-back pain and tumors with a few exceptions showed 
eosinopenia. Patients who were admitted for elective surgical procedures, such as correc- 
tion of deformity in poliomyelitis or scoliosis, had counts which compared with the control 
group. In Groups VI and VILE of the twelve counts which averaged below LOO, plaster 
casings were being worn by six of the patients; this may be considered as an adequate 
cause of stress. Cerebral-palsy patients generally had low counts. Only six patients with 
fractures or infections showed eosinophil counts over 100. In three of these the Thorn test 
was below 50 per cent., indicating adrenal refractoriness 

Our findings on this part of the study therefore substantially agreed with Thorn’s 
finding that 100 is the lower limit of normal; the upper limit, however, is probably higher 
than he thought, perhaps even up to 350. It appears that the eosinophil level can serve 
as a fairly reliable method of showing response to stress and adrenal stimulation: hence it 
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Showing the sharp postoperative drop within twenty-four hours and the subsequent pattern 


can serve as a diagnostic and prognostic aid in conditions producing prolonged eosinopenia, 
such as bone and joint infections, hematomata, or in acutely painful states, such as acute 
low-back pain and herniated discs. By the same token it may help to differentiate the 
malingerer from the true sufferer in medicolegal and other cases where this question may 
be raised 

It is of interest to note that in a case of extensive caseous tuberculosis of the knee in 
which the sedimentation rate of the erythrocytes was within normal limits the eosinophil 
count was depressed to 50 and was therefore a truer indication of active disease than the 
former. Following knee fusion and into convalescence, the eosinophil! count rose and 
leveled off at 400. In other cases we have noted that a rising eosinophil count paraliels it 


falling sedimentation rate. 


Be havior of Kosinophil Levels afte Surge ryoor Trauma 


We have broken down our study of these consecutive eosinophil counts into two 
periods: the first, the stress period which represents the first five days after injury or 
surgery, and the second, the convalescent period, 

The counts during the stress period are shown in Chart IIL and it can be seen that 
the changes are profound and almost uniform. Marked eosinopenia lasting from seventy- 
two to ninety-six hours is followed by rapid rise to normal levels. This indicates strong 
adrenal-cortical stimulation as a normal result of stress. Failure to respond in this manner 
would indicate either failure of normal stimulation or impairment of adrenal function. 

During the convalescent period the counts showed considerable variability and it 
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Although in most of the cases there is a return to preoperative levels, some cases are eosinopenic and 
others are eosinophilic. Cases with hematopoietic or other stimulant therapy are not depicted. 


was difficult to draw conclusions. Nevertheless, two types of variation were noted which 
are worthy of further investigation (Chart LV). It was noted that high levels of eosinophilia 
developed in some patients while severe eosinopenia developed in others. These cases will 
be considered later in this paper. 

It should be noted that all patients were eliminated from this part of the study in 
whom sensitivity to drugs existed or to whom hematopoietic stimulants had been adminis- 
tered, such as liver, folic acid, or iron, as these are known to produce eosinophilia through 


their stimulating action on the bone marrow, 


Eosinophil Level with Relation to Clinical Course of Patient 


Clinical observation of the patients from day to day revealed that rising eosinophil 
counts following periods of stress corresponded with clinical improvement. The patients 
felt better, their appetite improved, fever declined, urinary output increased, and there 
was lessened need for analgesics. [t was noted in the postoperative course of most patients 
that, following a severe depression lasting two to three days, the eosinophil level rebounded 
rapidly to normal and even above normal, but eventually returned to the normal pre- 
operative level. 

Low counts persisted in patients who were ill following operation. There were two 
exceptions. These patients, although quite ill, showed eosinophilia. In one of these patients 
bronchopneumonia developed forty-eight hours after operation, with elevated temperature. 
A Thorn test was carried out with negative response and was interpreted as indicating 
adrenal refractoriness. She was given cortisone in therapeutic doses for five days. After 
thirty-six hours the fever subsided and her reactions became normal. This test, however, 
is inconclusive, because at the same time she was treated with antibiotics; and it is more 
likely that she improved as a result of this treatment rather than as a result of cortisone, 


VOL. 35-A, NO. 3, JULY 1953 


> 
i 
yg 
=| 
} 
is 
fe 
Teste: 
Wee 


566 


J. A. NICHOLAS AND P. D. WILSON 


STUDY OF THE NUMBER OF DAYS TAKEN FOR EOSINOPHIL LEVEL TO RETURN TO 5O PERCENT OF 


THE PRE-OPERATIVE LEVEL AFTER SURGERY 


SURGER 35 Cases of 


OF 
LESSER SEVERITY*A Z = surgery not requiring transfusion and 
with anesthesia not ceeding 2 hours 


SURGERY OF 


GREATER Severity =B = all other cases (50 cases) 


Cc complicated convalescence 


2 Wound 
comphca 
tions 

( Slough) 
2 Atelectasis 
© thhons 


Wound complica 
trons necessitating 
Prolonged hospita! 
(ration 
Cinical complica 
trons 
a.Cystitis 
b. Preumonia 


@ Paralytic 


NUMBER OF CASES 


On 


\\ 


44 


Cuarr V 


Illustrates how the greater the intensity of surgery, the longer the eosinopenia, as well as the rising 
incidence of complications with prolonged cosinopenia 


We do think that the administration of cortisone contributed to her recovery. In the 
second patient high eosinophilia developed one month postoperatively. This corresponded 
with the development of a draining sinus. Her Thorn test too was negative at this time, 
although she had shown an excellent response when it was done preoperatively. 

The rebound phenomenon of the eosinophils generally did not oecur when postopera- 
tive complications develop: d. In these cases, with the exceptions noted above, the counts 
remained depressed until the complicating condition was relieved. A study of the cases in 
which the eosinophil counts were depressed to a level of less than 50 per cent. of the pre- 
operative level for a longer than average period ot days is shown in Chart V. An effort: was 
made to divide these cases into two classes according to the severity of their operations 
Procedures of lesser severity were considered to be those requiring less than two hours of 
anaesthesia and no blood replacement. Those of greater severity either required more than 
two hours of anaesthesia, or blood transfusion, or both. From this graph one may note 
that the greater the severity of the surgery, usually, the longer the eosinopenia. Neverthe- 
less the phenomenon of rebound was remarkably consistent 

It is of great interest to note that complications had oecurred in all of the eight pa- 
tients in whom the count remained depressed to below 50 per cent. of the preoperative 
level for six days and in four of the six patients in whom it was depressed for five days. Of 
these complications, four had been recognized early and included two pneumonias, one 
cystitis, and one paralytic ileus. The other eight patients had complications of wound 
healing such as skin slough, infection, hematoma, or wound separation. In six patients 
the wound complication was severe and prolonged the patient’s hospital stay. In none of 
these cases was the wound complication discovered until later, at the time the sutures 
were removed. In two cases the complication was not evident until the eighteenth and 
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GRAPH DEPICTING FOUR DIFFERENT PATIENTS WITH INITIAL EOSINOPENIA — THEIR RESPONSE AFTER 
OPERATIVE TREATMENT — THE USE OF THE EOSINOPHIL LEVEL AS A PROGNOSTIC INDEX 
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Illustrating how removal of stress releases the patient from eosinopenia, 


twenty-third postoperative days. A prolonged depression of the eosinophil count following 
operation is, therefore, of considerable prognostic importance and certainly calls for careful 
and repeated check-up on the patient. It may also be argued from the frequency of wound 
complications in these cases that the environment for good wound healing is produced 


within the first three to four days following operation. 


Use of the Eosinophil Level in Prognosis 

In Chart VI are illustrated the consecutive eosinophil counts of four patients who 
showed severe eosinopenia upon admission to the hospital. The first patient had incurred 
fracture of the neck of the femur forty-eight hours prior to admission. She was operated 
upon the following day, the fracture was reduced, and a Smith-Petersen nail was inserted 
for fixation. Paralytic ileus developed following operation and the patient was in serious 
condition, A Miller-Abbott tube was inserted and she was given supportive therapy. 
Although she showed profound eosinopenia, the tube was removed. Vomiting recurred 
and it was necessary to reinsert the tube. Thirty-six hours later, after the eosinophil count 
had begun to rise, the tube was removed and the patient had uneventful progress. 

The other three patients exhibited eosinopenia because of infection. One had a post- 
operative infection following nylon-cup arthroplasty of the hip and the other two had 
osteomvelitis. All had elevated sedimentation rates of the erythrocytes upon admission. 
In two of these cases, the eosinophil level rapidly rebounded to above normal upon surgical 
eradication of the infection. In the third case the eosinophil count remained depressed 
after the first operation and a second operation was later required, After recovery from 
this with cessation of drainage the eosinophil level rose to normal. [t is particularly inter- 
esting to note that the high sedimentation rates in these patients dropped to normal as 


the eosinophil levels returned to normal or above normal. 
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Showing the gradual return of responsiveness to ACTH postoperatively. 


It appears from this study that the eosinophil level may be of use as a prognostic 
guide in recovery from any stressful situation. Patients with acute fractures of the hip 
consistently show eosinopenia and evidence of stress. In aged patients who are not in good 
physical condition, this seems to offer a good argument for early operation and fixation of 
the fracture in order to relieve stress. More evidence bearing on this point will be ac- 
cumulated 


Evaluation of Results of the Thorn Test 


As was stated previously, the administration of twenty-five milligrams of adreno- 
corticotropic hormone (ACTH) will ordinarily depress the eosinophil level by at least 
50 per cent. within four hours. Thorn considered this to be a good test of adrenocortical 
function and thought that a response of less than 50 per cent. was indicative of lessened 


adrenocortical reserve. This has come to be known as the ‘Thorn test”? and it has been 
used extensively for experimental purposes. We were also interested in studying this 
reaction to determine whether or not it was of valuable prognostic importance in operative 
cases. 

Twenty patients were subjected preoperatively to the Thorn test. Of these, two 
showed no change in the eosinophil level, four showed a drop of less than 50 per cent., and 
the remaining fourteen showed the predicted response of over 50 per cent. Of the six 
patients who showed poor responses, only one had a postoperative complication. This was 
the patient mentioned previously who incurred pneumonia. She was subjected to a second 
Thorn test with negative result, whereupon she was given cortisone. Concomitantly, she 
was treated also with antibiotics and recovered. She showed eosinophilia at a time of stress 
and we believe she had lowered adrenocortical function. The other patients progressed 
through operation and convalescence without incident. 
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GRAPH OF EOSINOPHIL LEVELS IN PATIENTS WITH ACRYLIC HIP PROSTHESES (6 CASES) 
OR METALLIC FIXATIVE APPLIANCES (5 CASES) 
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Illustrating the prolonged mild eosinopenia in convalescence which occurs in patients with aerylie or 
metallic fixative appliances. The cause is unknown. 


When the preoperative response to the Thorn test was good, the patients withstood 
major surgical trauma well. Two patients, both over eighty years of age, with excellent 
ratings in the Thorn tests preoperatively had postoperative courses marked by complete 
freedom from any disturbance. 

Thirty patients were subjected to Thorn tests during convalescence; of these nineteen 
showed normal responses of 50 per cent. or more. The consecutive eosinophil counts of 
one patient who showed a negative response to the Thorn test postoperatively are shown 
in Chart VII. The patient was a girl of fourteen years who was suffering from residual 
effects of poliomyelitis, with deformity of the right foot. A subtalar and mid-tarsal arthro- 
desis was performed. She showed a normal drop of eosinophils for two days following opera- 
tion and then showed marked eosinophilia. This interested us and she was given a Thorn 
test, in which she showed inadequate response. She was then given fifty milligrams of 
cortisone; this was followed by a marked drop of eosinophils. This seemed to prove poor 
adrenocortical response. Nevertheless she made progress without complication and, when 
again tested on the sixteenth postoperative day, showed a better response, and on the 
twenty-seventh postoperative day, a normal response. Of ten patients who underwent 
consecutive Thorn tests, nine ultimately showed good responses, although at one time or 
another six showed poor responses. 

From our observations, we believe it is impossible at this time to draw conclusions 
about the value of the Thorn test. In our hands a poor response did not preclude a good 
postoperative course. It is possible that a standard dose of ACTH does not stimulate the 
same adrenocortical response in all patients. Perhaps the dose should be based on body 
weight and some patients may require more of the hormone than others to produce the 
same result. When the response to ACTH is a drop of the eosinophil level of more than 
50 per cent. we feel we have definite evidence of good adrenocortical reserve. 
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Kosinophil Response in Patients with Acrylic Hip Prostheses or 
Vetallic Fixative Appliances 

Ini patients in whom acrylic hip prostheses or large metallic appliances for internal 
fixation of the bones were employed, it was noted that there generally occurred a signifi- 
cant depression of the postoperative eosinophil levels in comparison with the preoperative 
levels. Although this depression was not profound, it appeared to be significant, as it was 
present in nine out of eleven cases in this group, and lasted as long as six to seven weeks. 
Furthermore, in four patients in whom the metallic appliances were removed the eosinophil 
levels rose. [t should be remembered, however, that the appliances were generally removed 
because of pain. 

The results of our studies in these cases are shown in Chart VILL. It is to be noted 
that an effort has been made here to reduce all of the cases to a common denominator on 
a percentage basis. The eosinophil levels on admission were taken arbitrarily as 100 per 
cent. and the subsequent counts at stated intervals of five days were expressed in terms 
of percentage of these admission levels. Therefore, levels below 100 per cent. represent 
relative eosinopenia and those above represent eosinophilia. In order to obtain a mean for 
comparison, we have taken, as a control, a group of twenty-two patients who were sub- 
jected to operations of equal severity, such as hip fusions or spine fusions, in whom no 
foreign materials were employed and subjected them to the same mathematical pro- 
cedure 

We have also included in this study a group of patients with fresh fractures of the 
neck of the femur in whom the fracture was reduced and fixed by the insertion of a Smith- 
Petersen nail 

The results may be analyzed as follows: 

1. The Control Group (twenty-two patients): The counts on these patients conformed 
to the usual pattern previously deseribed. After operation there occurred the usual short 
period of eosinopenia followed by a rebound to eosinophilia. The levels at five days were 
nearly 200 per cent. or more compared with the admission level of 100 per cent. Thereafter 
there was a gradual tapering off of the levels so that they reached normal after forty 
days. 

2. Patients with Acrylic Hip Prostheses (six cases): In this group, following the period 
of postoperative eosinopenia and the rebound, the counts quickly became depressed below 
the admission level even as long as thirty-five days. Most of these patients did well from 
a clinical standpoint and there was only one complication in the group. Note that one 
patient did not conform to this pattern, 

3. Patients in Whom Large Metallic Appliances Were Employed (five cases): These 
patients had chiefly complicated fractures for which large metallic appliances were used, 
such as Kiintscher nails or large trochanteric plates. It can be noted from the graph that 
the eosinophil levels in these patients conformed closely to the pattern seen in the patients 
with acrylic hip prostheses. They remained depressed below the admission level for ap- 
proximately five weeks. 

1. Patients with Fresh Fractures of the Neck of the Femur Treated by Reduction and 
Internal Fixation (four cases): While the number of patients in this group is too small to 
be conclusive, the pattern of the eosinophil levels is uniform and therefore suggestive. 
Upon admission these patients showed eosinopenia as would be expected from the stress 
of their injuries. Following reduction and internal fixation, there occurred a rapid rebound 
and persistent eosinophilia at a level of 200 per cent. or more compared with the admission 
level of 100 per cent. and lasting as long as four weeks. This indicates complete relief of 
the stress from injury. 

All of these observations are based on small groups of cases and are presented only 
because the findings are suggestive. We have no explanation of these findings and more 
patients must be studied and for longer periods before they can be considered conclusive. 
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SUMMARY 


We have presented the results of a study of eosinophil levels in 177 patients. Of these, 
fifty-two were healthy persons used as controls and 125 were patients who were suffering 
from various disabilities or injuries of the skeletal system and who underwent different 
surgical procedures. We have described the important metabolic effects taking place in 
the body, which depend chiefly upon the response of the adrenal gland to the stimulus of 
injury, and have pointed out the significant findings. We have employed the eosinophil 
count only as an indicator of these activities. 

Finally, it should be pointed out that the metabolic processes we are trying to observe 
are multiple and complicated. The study of eosinophil levels, which is the method we have 
employed, may be likened to the opening of one small window through which may be 
obtained only an imperfect glimpse of the many activities going on within. Many other 
avenues of approach must be explored before we can penetrate to a point where we can 
obtain a clearer understanding of these complex mechanisms. We believe that a greater 
knowledge of them is important to orthopaedic surgeons and will promote the welfare of 
their patients. 


CONCLUSIONS 


1. Our studies confirm previous observations that following operation there normally 
occurs a profound drop in the eosinophil level which is generally followed by a rise to 
normal or above normal within three or four days. During the period of eosinopenia the 
patient is ill, and improvement parallels the rising eosinophil counts. 

2. Persistent eosinopenia beyond the usual stress period is suggestive of developing 
complications, either of wound healing or of a general nature. 

3. Infections, whether due to pyogenic or tuberculous organisms, cause stress and 
resultant eosinopenia. As infection is overcome, the counts rise toward eosinophilia. A 
rising eosinophil count generally parallels a falling sedimentation rate, 

1. EKosinophilia when the clinical course of the patient is unsatisfactory is indicative 
of adrenal insufficiency and should be checked by the Thorn test. A negative result con- 
firms this diagnosis and calls for a trial of cortisone in therapeutic doses, 


5. Patients with fresh fractures uniformly showed eosinopenia or evidence of stress. 


When the fractures had been reduced and fixed there was a rapid rebound to eosinophilia. 

6. Immobilization in plaster encasements did not produce evidence of stress. When 
plaster jackets were employed for correction of deformity, as in scoliosis, the patients 
showed eosinopenia. 

7. Patients with painful conditions, such as acute low-back pain, exhibited signs of 
stress. 

S. Decrease in the eosinophil count did not occur during anaesthesia. 

9. Patients in whom acrylic prostheses or large metallic appliances were employed 
showed persistent eosinopenia lasting as long as five or six weeks. 

10. Patients with deformities of congenital origin or with deformities due to polio 
myelitis who were admitted for elective surgery showed normal eosinophil levels. Patients 
with cerebral palsy or neoplasms or the bones or joints showed eosinopenia upon hospital 
admission. 
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PARTIAL RECONSTRUCTION OF THUMB IN A ONE-STAGE OPERATION 
BY MICHAEL L. LEWIN, M.D., NEW YORK, N. Y. 


The purpose of this presentation is to call attention to a procedure for reconstruction 
of the thumb which is very useful in selected cases involving partial loss of this digit. 
By partial loss is meant absence of the phalanges, the metacarpal remaining intact. The 
presence of the metacarpal and the thenar musculature makes the reconstruction particu- 
larly gratifying because the essential functions of the thumb— cpposition, adduction, and 
abduction—are maintained. 

The procedures aiming at reconstruction of the thumb fall into two categories: (1) 
transposition of another finger or part of a finger to the metacarpal, and (2) prolongation 
of the existing metacarpal by a skin flap and bone graft. 

Transposition of an adjacent index or middle finger with its normal blood and sensory 
supply presents an excellent substitute for a thumb; this procedure merits the increasing 
popularity and attention accorded it in recent years. The main drawback of the method 
is that it calls for the sacrifice of another digit. 

The reconstruction of the thumb is seldom performed when the remaining four fingers 
function normally. As long as the fingers can flex into the palm easily, the grasping function 
of the hand is maintained. It is only when the fingers have lost some of their length or their 
range of flexion or both that there is a need to provide an opposable structure with which 
the fingers can make contact and which enables the patient to grasp and hold small ob- 
jects. This function is essential in many occupations, even if the patient has a normal 


second hand and uses the handicapped hand only to perform auxiliary functions, such as 


manipulating a screw driver with the normal hand and holding the screws with the handi- 
capped one. In many cases the transposition of the finger for reconstruction of the thumb 
is an obvious procedure, such as when the index finger is partially disabled and does not 
contribute to the function of the remaining fingers. However, the sacrifice of an index 
or middle finger may be inadvisable in instances where one or both of these fingers repre- 


Fria. 1-A Fic. 1-B 


Preoperative appearance of hand. Note the formation of a slight digital cleft by Z-plasty. 
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fc: 
Fig. 2-B 

Diagrammatic presentation of procedure 

Fig. 2-A:“ Cock-hat” flap outlined on palma: 
aspects 

Fig. 2-B: Dorsal view showing flap dis- 
lodged from tip of metacarpal 

Fig. 2-C: Palmar view demonstrating rela- 
tionship of cock-hat flap, bone graft, and skin 
graft at the completion of the procedure 
sent the main functional element of the 
hand. Methods of transposition — of 
digits from the opposite hand or from 
the foot are too complicated to justify 
wide application. 

The lengthening of the metacarpal 
used to be accomplished by attachment 
of an abdominal-skin tube to the stump 
of the metacarpal and insertion of a 
bone graft to obtain’ stability. The 
main disadvantage of such a procedure 
is that it requires the use of skin foreign 
to the hand. Recovery of sensation in 
such a skin flap is very slow and in- 

complete, and the sense of touch is permanently absent. This presents a severe handicap 
for the patient, since reduced sensation in the reconstructed digit not only interferes with 
the performance of skilled functions, but greatly increases the hazards of injury. Another 
disadvantage of this procedure is the necessity of multiple operative stages for formation 
of the tube. its transfer, severance from the donor site, insertion of the bone graft, and 
defatting of the skin flap. 

The procedure described here deals with lengthening of the metacarpal, but it is free 
from these two disadvantages. Since it utilizes a contiguous flap from the hand which 
carries a great deal of its own blood and nerve supply, most of the sensation and tactile 
sensibility are maintained and any temporary loss is quickly re-established. The procedure 


also permits completion of the entire operation in one surgical step. Hughes and Moore 
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described a lengthening of the amputated thumb in which a contiguous ‘“cock-hat” 


flap and bone graft were used. They credited the original idea of a coek-hat flap to 
Gillies. This method was quickly taken up by d’Aubigné and his associates, who used 
it in the last two cases out of eight reported reconstructions of the thumb. The French 
surgeons have shared the enthusiasm of their English colleagues regarding the simplicity 
of this procedure and the advantage of maintaining nearly normal sensation and tactile 
sensibility of the reconstructed digit. Since the procedure has thus far found little ac- 
ceptance in this country, a report on the author's experience with it may be in order. 


CASE REPOR'I 


The patient, a sixteen-year-old boy, had suffered an injury to his left hand in an explosion three years 
previously. The preoperative condition of the hand is shown in Figures I-A and 1-B. The thumb had been 
amputated through the metacarpophalangeal joint, and all other fingers at about the level of the proximal 
phalangeal joint. An attempt had been made elsewhere to deepen the first digital cleft by a Z-plasty, but 
with little functional improvement. The patient was an apprentice electrician, and an opposable thumb was 
essential in his work. He refused the suggestion of transposition of the index finger and insisted that the only 
thing he desired was the lengthening of 
the stump of the thumb by about two 
centimeters, which would allow him to op- 
pose it to the index finger. 

The presence of scars on both sides of 
the first digital web resulting from = the 
previous Z-plasty made the formation of 
a cock-hat flap somewhat precarious. In 
order that the vitality of the flap could be 
better assessed, the operation was per- 
formed without a tourniquet. 

The use of a tourniquet in this pro- 
cedure is not essential, since the dissection 


is limited to the subcutaneous plane 


hig. 3: Roentgenographie appearance 
of bone graft four weeks after operation 


Figs. 4-A and 4-B: Appearance eight 
weeks after operation 
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Operative Procedure 

A curved incision, five centimeters long, across the radial border of the hand proximal to the tip of the 
stump, outlined a flap based on the palmar and dorsal surfaces (Fig. 2-A). The dissection proceeded in the 
fascial plane to avoid injury to the thenar musculature. As the tip of the metacarpal was approached, the 
dissection extended deeper, so that the entire fibrous pad was included in the flap. The flap was mobilized 
ulnarward, just enough to dislodge it from the tip of the metacarpal (Fig. 2-B). The area along the digital 
web on the ulnar side of the stump, on both the palmar and the dorsal aspects, was left undisturbed and 
served as a fulerum around which the flap was rotated ulnarward. Since this site represented the pedicle ol 
the flap and was partially traversed by the old scars, great care was exercised to limit the dissection in this 
location, in order not to interfere further with the source of blood supply to the flap 

An iliac-bone graft five centimeters long was obtained and the cortical elements were removed. It was 
shaped to form a bevel one centimeter long at the proximal end and was rounded at the distal end. The 
stump of the metacarpal was then decapped and the bevel of the graft was wedged into the marrow of the 
bone. A firm union was established without additional fixation. The bone graft extended into the pocket of 
the flap which was drawn over it. The proximal border of the flap was then basted down along the distal 
attachment of the muscles to the metacarpal in such a way that it covered the bony juncture. The crescent- 
shaped raw area over the thenar musculature from which the flap was removed was covered with a split- 
thickness graft (Pig. 2-C). A pressure dressing was tied over the graft and a large dressing was applied and 
reinforced with plaster-of-Paris. There was some redundancy of skin around the base of the reconstructed 


thumb and the flap did not drape itself smoothly around the bone graft 


Postoperative Course 

During the postoperative period there was some superficial vascular embarrassment along the radial 
surface of the flap, which manifested itself by discoloration and desquamation. There was no skin loss. The 
redundant skin leveled off appreciably during the healing phase, although some wrinkling persisted on the 
radial aspect of the new thumb 

The rotation of the flap brought the sear and the fibrous pad from the tip of the stump to the ulnar side 
of the reconstructed thumb. This area was adjacent to the base of the flap and its sensation was disturbed 
least. From the very beginning the patient claimed that he had normal sensation along this side. However, 
for about two months there was considerable impairment of sensation along the radial border of the flap 
Since roentgenographic examination (Fig. 3) showed firm union in four weeks, the patient was allowed to 
move his finger and to use his hand. This lengthening of the thumb amounted to almost four centimeters and 
the patient was able to oppose the new thumb to each of the three fingers on the radial side (Figs. 4-A and 4-B) 

In contrast to the procedure used by Hughes and Moore, the cock-hat flap was not 
slid distally together with the digital web, but was rotated distally and ulnarward, the 
depth of the digital cleft being maintained. Thus the obliteration of the cleft noticeable 
in Hughes and Moore’s cases was avoided. This modification was dictated by the impair- 
ment of vascularization of the flap, due to scars on both sides of the digital web. How- 
ever, it seems to have a definite application to other cases. 

DD’ Aubigné and his coworkers satisfied themselves with the lengthening of two centi- 
meters, Whereas it has been the author's experience that a lengthening up to four centi- 
meters can be accomplished. This. corresponds to the length of the proximal phalanx and 
gives the patient a workable thumb. 
SUMMARY 

The procedure for lengthening of the first metacarpal in cases of partial loss of the 
thumb described here utilizes a contiguous skin flap}from the hand, reinforeed by an 
iliae-bone graft. It is completed in one operative stage. Its prerequisite is the presence of 
intact skin along the radial border of the hand. 

It is not suggested that this procedure will replace the reconstruction of the thumb 
by transposition of a neighboring finger, but, if feasible, it is preferable to a method of 
repair in which an abdominal-skin tube is used. The use of the local hand flap imparts 
nearly normal sensation and a tactile sense to the new thumb. 
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THRE USE OF TPRONTAZID IN THE TREATMENT OF BONE 
JOINT TUBERCULOSIS * 


BY DAVID M. BOSWORTH, M.D., HOWARD A. WRIGHT, M.D., 
J. WILLIAM FIELDING, M.D., AND HUDSON J. WILSON, JR., M.D., NEW YORK, 


From the Or thopaedic Services of St. Luke's Hospital, New York City, 
and Sea View Hospital, Staten Island, New York 


Iproniazid, after having been used for a year in experimental work ', is still a restricted 
drug as far as general sale and distribution are concerned. Like any chemical effective in 
the treatment of disease, it can and frequently does cause toxic symptoms, some of which 
may be severe. It is certain that complete knowledge as to benefits arising from its use, 
as well as toxicities, both immediate and delayed, is not available. If one can imagine 
morphine or any other potent drug introduced for the first time, with its effeets noted 
for only a year, one can appreciate that the clinical picture obtained would be difficult to 
interpret. So it is with iproniazid. Much more time must elapse before there is certainty 
us to effective dosage and a means of avoiding toxicity. Isoniazid as contrasted with the 
iproniazid has been reported as showing a lesser number of toxic symptoms and a greater 
range of safe dosage. Our feeling, based on seven cases in which isoniazid was used, is that 
this may be true as to the minor toxic symptoms, but not as to the major ones (liver dam- 
age and psychosis). We feel certain that isoniazid has a much less rapid and specific effeet 
Where bone and joint lesions are concerned than the iproniazid. Further planned study of 
the comparative action of these two drugs, carried on without bias, is essential. Disearding 
our impressions of the past, we plan, in the immediate future, to run a contrasting series of 
ten patients treated with the isoniazid. With the experience with iproniazid already gained, 
a much fairer evaluation of the comparative action of the isoniazid can now be obtained. 

Although the iproniazid is restricted from general sale, it may be purchased from the 
manufacturers by any qualified orthopaedic surgeon who will sign for its experimental use 
and will make reports as to the effeets obtained, 

The present experiment reports upon the use of iproniazid on sixty-six patients with 
tuberculosis of bones and joints. Among these patients there were ninety-eight tuberculous 


lesions; forty-five of these healed, thirty-seven improved, and sixteen are unimproved. 


Included are a few tuberculous lesions not involving the osseous system, but exclusive of 
pulmonary tuberculosis (skin, peritoneum, meninges, ef cetera). Four of these patients 
have been under continuous medication with iproniazid since November 1951. No adverse 
findings have resulted from this prolonged medication when dosage has been held within 
proper limits. We have noted no cumulative effect. 

Of the sixty-six patients, we were able positively to prove tuberculosis in forty-seven. 
In seven we attempted to prove the presence of the Mycobacterium tuberculosis and failed, 
Twelve were admitted with diagnoses of tuberculosis, confirmed at other hospitals but not 
confirmed by us, since their lesions were closed and we never obtained tissue. 

The ages ranged from six months to eighty years; a third of the group, however, were 
between the ages of forty and fifty vears. Seven patients were six years of age or under; 
these included three who were six months, fifteen months, and seventeen months of age, 
respectively. Forty were male and twenty-six were female. 

The study began in November 1951 and, for the purposes of this paper, was termi- 
nated January 1, 1953. Much of the statistical material included in this paper is basic, 
and the conclusions reached should be fairly stable. The clinical status of patients under 
treatment, however, is by no means stable. Many unhealed lesions are rapidly healing. 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 


January 29, 1953. 
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It is probable that in some patients reeorded as having healed lesions, the same lesions 
will become reactivated, fresh lesions will develop, or the disease will continue with corm- 
plications initiated by the original tuberculous process,—such as mixed infections, de- 
formities, and paralyses. As regards laboratory findings, dosage, development of benefits 
or toxicity, reaction to anaesthesia or preoperative medication, and complications due to 
operative procedures, the report is fairly conclusive, and no great change is to be expected. 
As regards the permanency of recovery of patients, tissue-culture studies, nitrogen bal- 
ance, calcium and phosphorus balance, bone-ash determination, roentgenographic changes, 
use in combination with other drugs (such as streptomycin), the influence of vitamin 
therapy or dietary changes (such as salt reduction and high-protein diet), control of with- 
drawal of medication, and development of late and still unrecognized toxicities, new find- 
ings will occur and new conclusions will have to be drawn. 


Five patients have died while under treatment with iproniazid. None died with evi- 
dence of iproniazid toxicity. One patient succumbed in four days, overwhelmed by tuber- 
culosis before any influence of the drug could be noted. Another patient, who had been 
on the drug only five days, died of a ruptured aorta eroded by a dissecting abscess. One 
patient died after forty-seven days with paraplegia; another patient died in a similar con- 
dition in ninety days. The fifth patient died in ninety days with eleven severe tuberculous 
bone and joint lesions, massive dehydration, and loss of electrolyte balance, despite the fact 
that several of the lesions had healed and cultures for the tuberculous organism had be- 
come negative. It is evident that iproniazid is not a “miracle drug’! As will be shown 
hereafter, however, it is well worth continued use and investigation. 


BENEFITS 

Weight Gain 
All of the sixty-six patients except nine gained weight; the average gain was 15.3 
pounds. The greatest gain in one patient Was sixty pounds, and the least gain noted was 
one pound. No patient lost weight during medication, except as a terminal manifestation, 


Temperature 


Fifty-four of the patients had satisfactory temperature records while hospitalized. 
Of these, twenty-eight had normal temperatures on starting medication. In cases in which 
the temperature was above normal, there was a marked reduction in six patients, a mod- 
erate reduction in eight, and a mild effect in twelve. No high temperature failed to fall. 
In the patients who died, no terminal rise was present. (Since the experiment was closed, 
on January 1, 1953, one patient has died who did have a terminal temperature rise during 
the last twelve hours 


Relief of Pain 


There were thirty-four patients with pain at the onset of medication. Only four ob- 
tained no relief; in thirteen the relief was marked; in eleven, moderate; and in six, mild. 


Sinus Healing 

There were thirty-eight patients with sinuses. In sixteen patients all sinuses closed 
and these have stayed healed. In thirteen the sinuses were closed to a dry crusting state 
or to intermittent closure and dry crusting. Five patients were markedly improved. In 
four patients, although the character and amount of drainage were influenced, the sinuses 
did not heal or show evidence of healing. Among these thirty-eight patients were fifty-six 
sinuses. Thirty-five of these sinuses healed and stayed healed; twenty-one showed im- 
provement to a state of intermittent healing, dry crusting, or reduced drainage. 
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In five instances, lesions existed in which we would previously have felt sure that 
sinuses would develop. These five lesions with the angry appearance of imminent break- 


down subsided and healed. 


Wound Healing 


There were thirty-five patients with open wounds as contrasted to sinuses. In sixteen 


of these the wounds healed; in eleven the wounds healed to a dry crusting state; in four 


they were improved; and in four there was but little change. Among these last four, 


moderation in discharge did occur. 


Closed Abscesses 


) 


Many patients must have had closed abscesses not recognized by us. There were 
sixteen patients in whom closed abscesses were discovered; in four of these the abscesses 


resorbed completely; three were greatly improved; and three were slightly improved. 


In six there was no definite change in the size of the abscess, but the general condition 


of the patients improved considerably. Lack of appreciable decrease in size of the abscess 


may be related to additional fibrosis of abscess walls. 


Blood-Tinged Discharge 


In thirty-three lesions the nature of change of discharge as regards bloody content 
was noted. There was a marked bloody tinge in two, a moderate tinge in six, a slight 


change in seven, and no evidence of blood in eight. No hemorrhages occurred, The change 


frequently followed manipulation of an abscess cavity with a draining sinus or preceded 


final closure of such a sinus. The phenomenon seemed to be one presaging healing. In no 


instance was it associated with adverse change in the patient’s condition as a whole. 


Bacteriostatic Action as Regards the Mycobacterium Tuberculosis 


There were thirty-one patients with proved open lesions who, after beginning 


iproniazid therapy, had a satisfactory series of repeated cultures upon which to form 


a basis for report. In twenty-seven of these patients either their incisions healed so that 


no further cultures could be obtained, or they had negative cultures throughout their 


treatment period. Three have had a single positive culture with many negative cultures. 


One patient has had an occasional positive culture interspersed among negative cultures. 


This situation is amazing. It has been suggested that the organism changes so that 
it is not now obtainable by the usual culture methods, that it may be becoming non- 


pathogenic but is still viable, and that many other things may be occurring. We have 


the feeling that the few positive cultures obtainable, interspersed with negative cultures, 


may well indicate intermittent casting off of abscess-wall lining or sinus-pocket detritus 


not freely permeated with circulating body fluids. Such material, intermittently discharged 


as healing progresses, would naturally contain viable organisms never in contact with 


the iproniazid concentration present in the blood stream. The bacilli would be like the 


citizens of Switzerland during the last Great War, entirely surrounded by dramatic 


conflict, still alive and relatively uninfluenced by the debacle surrounding them. Once 


leaving the confines of their safe and untouched territory, they would become subject 


to destruction unless they escaped rapidly through the area of conflict (discharged 


through the sinus to the outside). If this be so, then prolonged periods of medication will 


be necessary when bones or joints are involved or large abscess pockets exist. 


PREVIOUS ANTIBIOTICS 


Of the sixty-six patients, fifty-three had had some amount of streptomycin before 
iproniazid was begun. In all patients not only streptomycin but all other medication was 


stopped at the time of beginning the iproniazid therapy. 
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Four of the patients had had aureomyecin of considerable amount, and many of them 
had had lesser amounts. Terramycin and the other antibiotics had been used in a few 
cases. One patient had had cortisone administered, and one patient had had dihydro- 
cortone injected into a tuberculous knee joint; adverse results were apparent in both 
instances. One patient had had streptokinase used in combination with streptomycin; 
its use was for a very short period, and we saw no direct adverse results. Only the strep- 
tomyein and aureomycin have been employed by us. 


Streplomyein 

Of the fifty-three patients who had had streptomycin, some beneficial effect: was 
still apparent in five. In the other forty-eight, the benefit had ceased or the patient's 
condition was deteriorating. The average total dose of streptomycin before iproniazid 
therapy was 256 grams; the greatest amount was 1,020 grams. In thirteen patients the 
dose had been under 90 grams, and this should be considered ineffectual in bone and 
joint lesions. 

When patients have been improving satisfactorily on streptomycin during the past 
vear, we have not discontinued such therapy and changed these patients to experimenta- 
tion with iproniazid 

Of the patients who had received streptomycin, three were totally deaf, five had 
hearing reduction of 50 per cent., and two had definite but slight loss. Three patients 
had had severe skin reactions under the streptomycin therapy. 

Note that this experimentation with iproniazid was carried on as the primary therapy 
in only thirteen of the sixty-six cases. All of the others represented the residual failures 
among the many who have been treated with streptomycin by us. We have felt that, 
until we have determined some fair balance between the advantages of streptomycin and 
iproniazid and the comparable toxicities of each, administration of iproniazid alone in 
fresh cases should be restricted. In the main, we have treated the failures of streptomycin 
therapy with iproniazid. We may yet find ourselves in a position in which we have to 
treat the failures under iproniazid therapy with streptomycin! 


Isoniazid 
Seven patients have had varying amounts and length of treatment with isoniazid. 
While favorable results were noted, the effects seemed much less than with iproniazid. 
Further studies will be done on a greater number of cases for comparison as to benefits, 
toxicity, ef cetera, Our feeling is that the iproniazid is the more effective chemical; this 


remains to be proved 


LOCAL REACTION OF SINUSES TO TPRONIAZID THERAPY 


Discharge 


The discharge (Table 1) became markedly thinner in fifteen, moderately thinner in 
eighteen, showed slight change in one, and no effect in one. It became greatly reduced 
in twelve, moderately reduced in fifteen, slightly reduced in seven, and there was no 
effect in one. Bloody tinge of considerable extent developed in fifteen, of moderate amount 
in eighteen, of slight amount in one, and there was no change in one. This summary 
represents the findings in thirty-five sinuses in which all three types of change were noted. 


Granulation Tissue 


Of these thirty-five patients with definitely recorded findings, granulations were 
absent, did not form, or were reduced to below skin-surface level in all except two. In 
these two, mild excess granulation tissue persisted. Actually, when sinuses healed under 
iproniazid therapy, the healed opening was routinely depressed below the surrounding 
surface level. No keloid developed. 
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TABLE I 


CHANGE IN Type oF DiscHARGE 


Marked Moderate Slight None 


Thin 15 Is l l 
Decreased 12 15 7 l 
Bloody 15 IS 


Local Oedema 


Local oedema was present in seventeen patients before iproniazid therapy was begun. 
It showed marked reduction in three cases, moderate reduction in nine cases, and slight 
change in three. In two patients the oedema was unchanged. In all other patients no 


oedema Was present about sinus openings either before or after iproniazid therapy. 


Local Heat 


Local heat was present before iproniazid therapy in fifteen patients. It was markedly 


reduced in two, moderately reduced in five, mildly changed in five, and unaffeeted in three. 


In all other instances no local heat was present about sinus orifices. 


DOSAGE AND WITHDRAWAL 


The total amount of iproniazid used in these sixty-six patients was 2,029,159 milli- 
grams. The average amount per patient was 30,744 milligrams. The greatest amount 
used for a single patient was 123,000 milligrams, and the minimum effective amount 


used was 3,600 milligrams (in a child). The average maximum dose was 3.6 milligrams 
per kilogram of body weight, and the minimum 2.7 milligrams per kilogram per day. The 
highest individual dose was 6 milligrams per kilogram of body weight. This was employed 
for a four-day period and, although it resulted in rapid healing changes, it Was accompanied 
by severe toxic effects. The lowest dosage was one milligram per kilogram, and this 


produced no favorable change. 

Medication should be begun at an accurate dose of 4 milligrams per kilogram of 
body weight. The patients must be weighed. As weight is gained, 4 milligrams per kilo- 
gram of gain must be added. For severe hypertonicity or clonus the dose should be reduced 


to 2 milligrams per kilogram of body weight and then gradually increased to between 


3 and 4 milligrams per kilogram. Doses under 3 milligrams per kilogram are much less 


effective. 
Close control of the dosage level to maintain close control of the blood-serum level 


is essential. At any given blood-serum level there is apt to be a 50 per cent. increase in 


level of concentration in the spinal fluid®. Since the serum level necessary to be effective 


on the Mycobacterium tuberculosis is just under the toxic level for tissue cells, and since the 


level in the spinal fluid is apt to be 50 per cent. above that in the blood serum, very close 


control of clinical dosage is necessary. We wish to emphasize again that the patient must 


be weighed and the dosage must be accurate if effect is to be gained and toxicity is to be 


minimized, 

One cannot divide the clinical dosage in half and secure half the effeet on the tubercle 
bacilli within the body. With half the concentration, very little if any effect on the infecting 
organisms will be exhibited'. The concentration in the serum must be kept up to a certain 


minimum level in order to secure satisfactory results. This emphasizes the fallacy of 


attempting to give half the amount of streptomycin and half the amount of the iproniazid 


in combination in order to secure a mutual effect. In such a case practically no effect on 
the tubercle bacillus may be secured from the iproniazid given. It does seem possible 
that side effects on the body tissues may occur at lower dosage. Some of these may 


VOL. 35-A, NO. 3, JULY 19534 


rw 
4 
«| 
yey 
| 
ag 
@ 


582 D. M. BOSWORTH, H. A. WRIGHT, J. W. FIELDING, AND H. J. WILSON, JR. 


eventually prove worth while in specific conditions other than tuberculosis (weight gain, 
pain relief, wound healing, ef cetera 


The average number of days’ treatment was 140.1. The longest period of treatment 


was for fourteen months, and the shortest period of treatment in which healing was 


achieved was twenty-eight days. Rest periods were given in six patients; these were 


generally allowed because of neurotoxic symptoms. They were for ten days in two cases, 


and in the others for two days, thirty days, forty-two days, and ninety days. All patients 


were re-placed on the chemical thereafter at lower dosage and without severe toxic 


symptoms. 
Medication has been permanently stopped in thirty-two patients. Ot these twenty- 


nine are at this time healed and three are improved 
In thirty-three patients who had the chemical permanently stopped, or stopped for 


rest periods, and where complete data are at hand, medication was slowly withdrawn 


from fifteen with only one severe neurotoxic finding. In eighteen there was sudden with- 


drawal, and four had severe neurotoxic findings. Withdrawal over a period of several days 


is advisable 


SYMPTOMS AND FINDINGS 


Many neurotoxic symptoms and findings have developed (Table IL) during medica- 


tion with iproniazid. The only one showing evidence of real danger has been the occasional 


development of a psychosis. All other findings have been temporary and usually not 


severe. More patients probably had toxic findings than are indicated on the charts. 
Record of such a finding should denote that the extent of the condition was annoying 


enough to cause the patient to spontaneously report its presence. 


Dizziness 


Fourteen of the patients reported dizziness. The average onset was at fourteen 


days and it lasted sixteen days. Three patients had dizziness throughout the period 


of medication with this chemical. No patient was severely incapacitated by it. 


Tre mor 


Four patients reported annoying tremor, with an average onset in thirty-six days 
and an average duration of twenty-three days. Three of the patients complained of tremor 


throughout the duration of medication. 


Babinski 


Short, unexplained, and single notation of presence of a Babinski reflex was recorded 
on two oceasions. It was a solitary finding and did not persist. We do not know its im- 


plication. 


Hypertonic Reflexes 


Twenty patients had hypertonic reflexes with an average onset at twenty-seven 


days’ medication, and an average duration of sixty-three days. Ten were hypertonic 


for the duration of iproniazid therapy. The development of hypertonicity always preceded 


the onset of clonus. Frequently it had to be accepted as a finding in patients on a satis- 


factory dosage level. In no instance was it annoying to the patient. 


Clonus 


Clonus developed in seven patients. Most of these were in the early part of the 
series and were continued on medication at the same level with persistence of the clonus. 


Clonus is of a peculiar type and may be present and absent during the same examination. 


It can generally be made persistent by holding the patient’s attention to the part ex- 


JOURNAL OF BONE AND JOINT SURGERY 


IPRONIAZID IN BONE AND JOINT TUBERCULOSIS 


TABLE II 


Symproms or Temporary Toxiciry 


No. of Cases No. of Cases 


Hypertonicits 20 Flushing 12 
Obstipation 15 Drowsiness 12 
Muphoria 15 Hesitaney 10 
Dizziness i Clonus 7 
Dry Mouth 12 Impotence 5 
Visual 5 Tinnitus 2 
Tremor | Increased libido 2 
Twitching Paraesthesia 2 
Diaphoresis 3 Headache 
Babinski 2 Nausea 1 


amined. It should be avoided by reduction of drug dosage, since most of the other neuro- 


toxic symptoms (and particularly psychosis) are then usually mild or absent. The average 


onset occurred nineteen days after institution of therapy and it lasted until drug 


administration was reduced or stopped. In one patient it was mild; in two, moderate; in 


three, severe; and in one, very severe. 


Euphoria 


Actually, euphoria of some amount was seen promptly in almost every patient. In 


fifteen patients it was of considerable extent. Among these patients the average time 


of onset was ninety days and the duration averaged fifty-two days. It tended gradually 


to fade out after onset. In only five patients did it persist for the duration of medication. 
While undoubtedly of neurotoxic origin, it is a very helpful finding. The patient's view- 
point is changed from a depressed attitude to a happy or elated outlook. 


Drowsiness 


Twelve patients reported considerable drowsiness. The average period of onset 


Was ten days after medication and the average duration was seventeen days. Even on 


continued medication, almost all patients recovered from this symptom. ‘Temporary 


drowsiness occasionally recurred on withdrawal of medication. In no instance was drowsi- 


hess severe. 


Headaches 
One patient reported headache, developing at 120 days and lasting for the duration : 
of medication, but ceasing on withdrawal of the drug. No patients reported insomnia i 


while on medication. 


Tinnitus 


Two patients reported fairly severe tinnitus, developing at thirty days and at ninety 
days of medication. In one it lasted for ten days and in the other for the duration of 


medication. One patient had associated nausea. 


Psychosis 


A definite psychosis developed in six patients. In two it was mild; in one it was moder- 
ate; and in three, severe. The average time of onset was at 142 days of medication (forty- 


five to 300 days). The average duration of the acute psychotic state was thirteen days (one 


to thirty days). Iproniazid therapy had suddenly been withdrawn from one of these 


patients and the psychosis developed three days thereafter. All of these patients have 
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completely recovered.* None of the patients became violent. In most of them clonus 
had existed for several weeks before psychosis developed. Keeping medication below the 
level inducing severe hypertonicity or clonus development and slow withdrawal of 
medication will probably lessen the incidence and severity of this finding. Personal 
communication * indicates that heavy dosage with vitamin Bs may prove specific for 
alleviating the psychotic tendency and rapidly terminating it. With the patients recover- 


ing, we have hesitated to try this. 


Coma 

Coma developed in one patient after ninety days of medication and the coma persisted 
for two days with complete resolution and no permanent effects. This case has previously 
been reported as a patient in whom severe jaundice developed after the closure of a 
lumbar sinus. All laboratory tests, medical and surgical consultation indicated obstructive 
jaundice instead of toxie jaundice. The sinus reopened and the patient recovered con- 
sciousness within forty-eight hours. She recovered from the jaundive completely in 
approximately three weeks. Later the sinus again alternately closed and spotted and then 
finally completely closed. It has since remained closed without recurrence of symptoms 
of retroperitoneal pressure or any neurotoxic or hepatotoxic manifestation. Retro- 
peritoneal pressure on the common duct from sinus closure and abscess pressure could 


have been the immediate cause of the jaundice and of the coma. 


Mouth Dryness 


This was reported in twelve patients with an average time of onset of eleven days 
and an average duration of fifteen days. It disappeared on continued medication. 


Diaphore SUS 
Three patients complained of diaphoresis with onset between the tenth and forty- 
second day of medication. It disappeared within three weeks in all cases with medication 


still continued 


Visual 

Visual accommodation weakness, with the patient unable to rapidly change from 
near to far vision, occurred in five patients. Average onset was at twenty-one days of 
medication and average duration was sixteen days. No permanent defects have been 
disclosed by ophthalmological examinations and all patients are at present recovered. 


Hesitancy 
This occurred in ten patients and was fairly severe in three, requiring catheterization 
in two. It was usually first noted after three weeks’ treatment and tended to disappear 


within a week. All patients have recovered from this. 


Obstipation 
Fifteen patients reported obstipation, occurring after three weeks of medication 
and lasting for approximately a month. In six it persisted throughout treatment. In none 


Was It severe 


Impotence 

Five patients reported impotence, lasting throughout the duration of medication in 
one, The average onset was at thirty days and the complaint tended to persist for several 
weeks. Two patients reported increased libido at about the same period of onset, but 
it was of much shorter duration. 

*As of May 1953. 
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Flushing 

Flushing of the face, annoying in amount, occurred in twelve patients with fairly 
rapid onset after institution of medication. It slowly faded out during the ensuing six to 
eight weeks. 
T witching 

Muscle twitching of annoying extent was reported in three patients, occurring usually 
in the seventh week. In only two did it persist for any length of time. It subsided in two 


patients while still under medication, but lasted throughout the duration in one, 


Paraesthesia 


Two patients reported annoying paraesthesia. In one it began after fourteen days of 
medication and in the other after 210 days. In the first it continued for six months, but 
finally disappeared. In the latter it lasted throughout the duration of medication; it 


disappeared after therapy had been discontinued. 
HOSPITALIZATION 

Of these sixty-six patients, forty-six received all of their medication while they 
were hospitalized. Fourteen of the patients were hospitalized until chemical-dosage 
therapy could be established and balanced against toxic reaction, and then they were 
continued on medication outside the hospital. Six patients received the chemical as 
out-patients entirely. This practice we feel to be dangerous at the present time; hospitali- 
zation for two to four weeks during the establishment of medication, even in the ambula- 
tory patient, would seem necessary. Since the situation requiring treatment with iproniazid 
is serious in itself and in its implications, such hospitalization is not unwarranted. 


LABORATORY FINDINGS 


Urinary analysis in fifty-eight patients, complete blood counts in forty-five patients, 
total protein and albumin-globulin-ratio estimation in twenty-seven patients, alkaline- 
phosphatase estimation with calcium and phosphorus studies in thirteen patients, sedi- 
mentation-rate estimation in thirty-two patients, prothrombin-time estimation in five 
patients, 17-ketosteroid evaluation in three patients, and acid-phosphatase evaluation in 
one patient, all were with normal findings. 

Among patients in whom platelet counts were done, the findings were normal in 
fourteen. Thirteen patients showed a drop in count up to 50 per cent. In two patients 
there was an increase in count. We believe that there is a definite influence on the blood 
platelets under iproniazid medication; the implication of this is for the present not known. 

Circulating eosinophils showed no change on five occasions, but did show a positive 
drop on one occasion with the patient under iproniazid therapy. We have been unable to 
determine the cause for this one instance. 


Liver-Function Tests 

In fourteen patients, for various reasons routine liver-function tests were not con- 
sistently and periodically made. Of the other fifty-two patients, forty-three had com- 
pletely normal liver-function tests throughout the duration of iproniazid therapy. Nine 
patients at some time showed evidence of liver damage by laboratory test. Only two pa- 
tients showed jaundice at any time; in one case it was mild, in the other severe. The two 
patients with jaundice, as well as those showing evidence of liver damage by tests, either 
on continued iproniazid therapy at the same or lower dosage, or following discontinuance 
of such therapy, have been shown by later estimations to have recovered to normal find- 
ings. Liver-function tests should be done, but these need not be carried out so frequently 
as in the past. 
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ANAESTHESIA 

Anaesthetics have been given to twenty-three of this group of patients. In eight in- 
stances cyclopropane was used; in eight, nitrous oxide; in seven, sodium pentothal; and in 
three, ether. These agents have been used in combination. One patient had procaine spinal 
anaesthesia. No complications or adverse reactions have been noted. No difficulty was 
experienced either in induction or in maintenance of anaesthesia, and no undue amounts 
of the agent used were needed. 

Preoperative medication used consisted of morphine sulphate, thirteen times; sco- 
polamine, thirteen times; atropine, five times; demerol, five times; and sodium nembutal, 
twice. These drugs were used in combination at times. No adverse reaction as to amounts 


necessary or complicating circumstances was noted. 


OPERATIVE PROCEDURES 

Among these sixty-six patients, twenty-three operative procedures were performed, 
seven spine fusions, two hip-joint excisions, one fixation of a trochanteric fracture by a 
Jewett nail, one large wound débridement, one excision of the acromioclavicular joint, one 
ablation of a femoral condyle, two amputations, one elbow-joint resection, one reduction 
of a fracture of the femur, and six incisions and drainages. No complications as to opera- 
tion were encountered, There was no unusual bleeding, no postoperative hemorrhage, no 
unusual shock, no operative accident, and no deaths. Wound healing was unusually good. 

The average anaesthesia time was sixty-two minutes, with the longest 135 minutes 
and the shortest fifteen minutes. 

Postoperative pain was decreased markedly in eight cases and moderately in four. 
In six instances there was no change in estimated postoperative pain relief. 

It seemed important to specifically record reaction of patients under iproniazid therapy 
to anaesthesia, pre-anaesthetic agents, and operative intervention, in view of other reports 
that such anaesthesia or operation might prove dangerous. The fact that twenty-three 
patients of a group of sixty-six were anaesthetized and were operated upon without com- 
plication should refute these reports. It likewise indicates that iproniazid therapy alone 
and without surgery cannot be expected to secure favorable results, but that surgery 
when indicated, in combination with medication, is still necessary. 

TISSUE CULTURE 

In a personal communication * it is stated that tissue culture has been carried on in 
regard to capillary proliferation and stimulation of epithelial tissue and fibroblasts, as a 
representative mesodermal tissue. Results have been negative. If concentration of ipro- 
niazid in the tissue-culture medium is raised above the high level occasionally found in 
blood serum in patients under treatment (3.5 gammas per milliliter), growth is inhibited. 
In no ease did growth seem stimulated regardless of concentration. 

PRESENT STATUS OF PATIENTS 

Of the sixty-six patients, twenty-nine are healed, and medication has been diseon- 
tinued. Five are healed but still on medication, twenty are improved and still on medica- 
tion, and three are improved and have been taken off medication. Five have died and one 
will probably die. Two had less than one week of treatment. One patient has remained 
entirely unimproved. 

‘Two children have recovered as to proved lesions of the knee; the drug has been dis- 
continued; and they are fully ambulatory, with essentially normal knees. It is too early 
to be sure, but it seems probable that their lesions are healed and with the joints mobile. 


Roentgenographic Changes 
Generalized osseous decalcification after several weeks of medication still seems to 
occur. Bone proliferation or hastening of surgical ankyloses has not seemed to be present. 
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Actually there is no noteworthy trend either as to increasing or decreasing osteogenesis. 
This contrasts with statements in our previous paper®. No new findings related to roent- 


genograms have been noted. 


SUGGESTED FURTHER INVESTIGATION 

Since our previous paper? some slight advance has been made. Further work on 
circulating eosinophils is advisable. 
A study of bone ash as to calcium and phosphorus loss and a study of nitrogen balance 

are planned. Perhaps these may give some clue to the apparent roentgenographie changes 
of decalcification occurring with prolonged iproniazid medication. 


Caleium-Phosphorus Balance 


In two patients experiments on calcium-phosphorus balance have been run’. More 
extensive and more closely controlled studies are indicated. This can only be considered 
as a pilot study. It does seem to definitely indicate certain things. For that reason it is 
included in this report. 

The results are qualitative and not quantitative. All of the factors were not controlled 
in running the experiment, as they would have been in animal experimentation. Calcium 
values were derived from food tables instead of having a large supply of standard food 
prepared in advance and the values adhered to. Patients were followed first on a two-week 
period without iproniazid therapy and then on a two-week period with iproniazid therapy. 

There was no great change from the normal, either as to calcium or phosphorus 
urinary exeretion, before therapy was begun. On iproniazid medication, there was change 
with definite decrease of calcium output for the first nine or ten days. Then, during the 
last four or five days, there was a definite increase in both calcium and phosphorus urinary 
excretion. In the first patient, the urinary excretion of calcium was .507 grams per day aver- 
age during the period before iproniazid therapy; during iproniazid therapy calcium excretion 
was .316 grams per day until the last four days, when it rose to .420 grams per day. Phos- 
phorus excretion seemed to increase also and to about the same extent as the calcium. 

The stool exeretion of calcium from one patient rose from 4.2 grams for the total two- 
week period before iproniazid therapy to 4.62 grams for the total period of iproniazid 
medication. Stool excretion in the second patient was not reliable. 

Despite the apparent increased excretion of calcium in the urine and in one patient 
in the faeces, there was for the total period a positive calcium balance and a negative 
phosphorus balance. We feel that the excretion figures are approximately correct, but 
that the total calcium-balance figures are inexact, because of the failure to secure findings 
in the stool of one patient and the placing of estimation as to calcium intake on food 
tables instead of upon actual food measurements. 

The laboratory personnel felt’ very strongly that, since there appeared to be no great 
change in either calcium or phosphorus excretion in the first ten days of iproniazid ad- 
ministration, but a decided change during the last four days, a more extended period of 
investigation might well disclose a definite and important change in the calcium and 
phosphorus excretion and calcium and phosphorus balance. 


CONCLUSIONS 


1. Iproniazid has a great effect in the control of bone and joint infection by the M yco- 
bacterium tuberculosis. 
2. For the present we believe iproniazid to be the drug of choice in the treat 
ment of tuberculous bone and joint lesions. It has proved of great value in patients not 
responding satisfactorily to preceding antibiotic therapy. 
3. Patients under medication exhibit multiple evidences of toxicity. All these are 
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mild or reversible and appear unimportant, except possibly psychosis. Psychoses appear 
rarely, can probably be avoided by dosage reduction, and also seem reversible. 

1. Iproniazid therapy must be combined with good medical care, dietary care, and 
surgery when indicated. 

5. It may be that, by the use of this drug in children, a tuberculous weight-bearing 
joint may be spared arthrodesis. Never before have we felt we could make such a state- 
ment, 

6. In tuberculous patients with severe or multiple involvement, a percentage of 


mortality and failure must be expected. 
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DISCUSSION 

Dr. T. Evans, Minnearouts, Minnesora: wish to stress a few points: 

1. Tuberculosis is a generalized systemic disease the care of which requires the teamwork of all con- 
cerned. The surgeon is only an adjunct to that care and contributes within the limits of his knowledge and 
skill He is a member of a coordinated team 
Tuberculosis is never healed except by total ablation. It is only clinically arrested. 

The review® by Dr. Ghormley, Dr. Bickel, and myself of the Veterans Administration cases and the 
Public Health material has shown that twenty-eight to thirty months is the average minimum observation 


9 


period required to declare a tuberculous bone lesion irreversible. 

1. No present antibiotic, despite its early enthusiastic acceptance, has proved a panacea nor alone re- 
placed other coordinated therapy by the team. 

5. Dr. Bosworth’s cases are from that group which have proved resistant to other forms of therapy, and 
I know that he will extend his studies with this toxie drug only with the greatest caution. 

May | plead here that any of us who may use this drug do so under the most exacting research restraints, 
so that in due time we may merit the Gold Medal Award so rightfully deserved by Dr. Bosworth this year. 
evaluation of Streptomycin Therapy in a Controlled Series of Ninety Cases of Skeletal Tuberculosis. 
A Publie Health Service Cooperative Investigation. J. Bone and Joint Surg., 34-A: 288-298, Apr. 


1952 

Dr. STeENDAHL, Osto, Norway: | feel it a great honor to be allowed to discuss this paper of Dr. Bos- 
worth’s 

I have not had any personal experience with iproniazid drugs, but during the last four or five years in the 
hospital in Oslo, Norway, I have seen the immense improvement brought about by streptomycin in the 
prognosis of bone and joint tuberculosis; and I feel that the basic principles are the same whether one or the 
other drug is used, even if iproniazid seems a lot more potent. During this time, we have learned that the 
goal for treatment of bone tuberculosis must be the eradication of tuberculous foci and that this is possible 
toa greater extent and in more patients by the use of streptomycin and para-aminosalicylic acid in addition to 
surgery. It has been shown by Dr. Ursing and Dr. Crell that, even in a number of cases of Pott’s disease, 
treatment can be used according to this principle. We feel that streptomycin is indicated mainly in addition 
to surgery and prior to it, in order to make surgery possible. | should think that these considerations would 
be valid also for iproniazid. 

We think that we have been able to save some few joints without surgery. Some patients with proved 
tuberculosis of the knee joint, in fairly early cases of synovial lesions, have been treated with streptomycin 
and para-aminosalicylie acid systemically, as well as with streptomycin intra-articularly. Thirteen of these 
patients have been observed for eighteen to forty-eight months. In three of them, there has been relapse with 
some exudate and positive cultures; but ten patients are so far completely free of symptoms, except that 
three of them have slightly restricted flexion 

I understand that iproniazid penetrates synovial membranes very freely, but still I think that the high 
concentration obtained by loeal treatment must be very beneficial. 


(Continued on page 625) 
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INTRODUCTION 


One of the most common complaints of persons with low-back pain is inability to 
sit in comfort, with difficulty in straightening the back on rising. This is particularly 


noticeable after long sitting in a lounge chair, an automobile, or a theater seat, all of which 


are supposed to be comfortable. This common complaint must represent some fundamental 


defect in our conception of the correct sitting position and in the design of chairs and seats, 


for only young persons with elastic ligaments and no back pain can tolerate sitting for 


long in the type of seats commonly designed. Older persons, who use chairs more often, 


do not have this elasticity and often sit in discomfort. 


This article will present an analysis of the subject of seating in relation to back 


symptoms. This work is based on a careful clinical study of over 3,000 persons with low- 


back complaints, 1,504 of whom have been operated upon for herniation of a lower lumbar 


intervertebral disc 4°°7)5"'", as well as on a special study of the alteration of the lumbar 


curve in various sitting and standing positions. 


Chair and seat manufacturers have done little scientific study of the anatomical, 


physiological, and pathological factors involved in low-back complaints related to seating. 


Too often home-furniture manufacturers have followed standard or classie models of 


chairs, designed many years or centuries ago and based largely on the trial-and-error 


method, or they have thought more of the luxurious appearance and sales appeal of the 


chair than of the user’s requirements for comfort. The designers of supposedly comfortable 


lounge chairs have created monstrosities of overstuffed half-beds which provide neither 


a comfortable sitting nor a comfortable reclining position, permit no change of position, 


and are impossible to rise from without assistance. Manufacturers of seats for offices, 


schools, and transportation facilities have made a greater effort to study the conformation 


and posture needs of the body in relation to seating; they have based their designs largely 


on anthropometric measurements*® and on the ideas of designing engineers, and some 


progress has been made in this field. The anatomy and physiology of the problem of sitting 


have been excellently presented in a recent monograph by Akerblom, but there is still a 


lack of understanding of the pathological causes of most postural low-back pain related 


to seating. It seems time that recently acquired knowledge of the pathology of lower 


lumbar intervertebral discs be applied to the seating problem, and more correct funda- 


mental rules be presented for the design of seats for the many persons with low-back 


complaints; these rules are equally applicable te normal persons. 


It now is recognized that the site of most back symptoms arising from postural factors - 
is in the lower lumbar spine, particularly in the fourth and fifth lumbar intervertebral ; 
discs which commonly degenerate with age under normal weight-bearing, sitting, and r 


stooping strain. Man’s assumption of the erect: posture has resulted in a lumbosacral a 
region poorly constructed to support the strain of active physical life. It is a rare person foe 
who reaches middle age without experiencing some postural low-back pain when sitting | 
or stooping (Fig. 1). In middle-aged people some loss of elasticity has occurred in inter- ; 
vertebral discs and ligaments, and obliteration of the lumbar curve tends to force the 


degenerated and somewhat separated central portion of the lower lumbar discs posteriorly 


* Read at the Meeting of the Clinical Orthopaedic Society, Omaha, Nebraska, October 6, 1951 
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Trac ings from roentgenograms and photographs, made in order to compare the lumbosacral 
curve in standing, sitting, and stooping. Note the marked flattening of the lumbosacral curve 
which occurs when the subject is sitting in the ordinary straight chair with trunk and thighs at a 
right angle 


NORMAL NUCLEUS PULPOSUS 


POSTERIOR DISPLACEMENT 
DEGENERATED FIBROCARTILAGE 
WITH PROTRUSION OF DISK 


INTACT 
STRETCHED 
LIGAMENT 
CAUSE OF 

BACK PAIN 


Fic. 2 


Drawing to illustrate the anatomy and mechanics of posterior protrusion of a degenerated 
fifth lumbar intervertebral dise during sitting in a right-angled position. 
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NORMAL NUCLEUS 
PULPOSUS 


RUPTURED POST. 
LONGITUDINAL LIGAMENT 


HERNIATED CENTRAL 
FIBROCARTILAGE 


750 LB. 
HYDRAULIC 
PRESSURE 


COMPRESSED NERVE CAUSE 
OF GLUTEAL AND LEG PAIN 


Fig. 3: Drawing to illustrate the 
anatomy and mechanics of posterior 
extrusion of a degenerated central 
fibrocartilage from the fifth lumbar 
intervertebral dise, caused by hy- 
draulic wedging pressure within the 
dise which results from stooping to 
lift 

Fig. 4: Comparison of the lumbo- 
sacral curve of the dog, the newborn 
infant, and the erect standing adult 
Note the dorsal convexity of the 
jumbar spine of the newborn infant, 
similar to that in the quadruped ani- 
mal, compared with the saequired 
dorsal concavity of the adult lumbar 
spine 


by hydraulic pressure from an- 
terior wedging. This occurs in 
variable degree in sitting (Fig. 
2), and causes painful stretch- 
ing of the sensitive posterior 
longitudinal ligament of the 
dise, with pain in the mid-line 
of the low back. In the stooping 
position (Fig. 3), particularly 
in lifting, this hydraulic pres- 
sure is greatly increased; it is 
estimated to be ten to fifteen 
times the amount of the weight lifted * and frequently causes rupture of the dise and 
extrusion or herniation of the loose central fibrocartilage posterolaterally. [f this extrusion 
is large enough, it causes variable pressure on one overlying nerve root within the spinal 
canal, with resultant radiating pain into one buttock and lower extremity; this pain was 


formerly called sciatica. The nerve root involved in the back usually can be identified 
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\ series of tracings from roentgenograms of the lumbosacral spine, pelvis, and femur of 
one individual (Subject IV), in the lateral recumbent position, only the angle between 
trunk and thighs being varied. A diagrammatic outline of the anterior and posterior thigh 
muscles is superimposed to show that the limited length of these muscles rotates the pelvis 
and alters the lumbar curve. Note the normal position of balanced muscle relaxation at 
135 degrees, with increase of the lumbar curve as the thighs are brought backward and 
decrease of this curve as the angle between the thighs and the trunk is reduced 


accurately by the distribution of pain and numb sensation, often with additional diag- 
nostie sensory, motor, and reflex loss in the extremity. Interestingly, when this rupture 
and extrusion of the dise occurs, the mid-line pain in the low back often disappears; and 
only lateral “hip” or gluteal pain, together with pain in the lower extremity, is then 
present, because the ruptured sensitive ligament over the dise is no longer stretched and 
only nerve-compression pain is present 

Many anatomical and physiological factors are involved in the development of 
low-back symptoms and pain from postural causes. The curve of the lumbar spine in 
adult man is developed and established by assumption of the erect position for standing 
and walking. This dorsal concavity or lumbar lordosis is not present in the newborn infant 
or in quadruped animals (Fig. 4). This foetal curve in man is reversed during the first 
few years of life when the child is learning to walk, because of the inability of the pelvis to 
rotate ninety degrees and to maintain alignment with the vertical trunk. The result is a 
sacrum which is angulated posteriorly in variable degree in different individuals and a 
lumbar curve which has become well established in adult life. The fixation of the sacrum in 
the pelvis is an important factor in placing extra anterior wedging strain on the lower 
lumbar intervertebral d:ses when the lumbar curve is flattened by sitting or stooping. 
This explains why posterior protrusion or extrusion of lumbar intervertebral dises usually 
oceurs in the fourth and fifth lumbar dises and rarely above this level, as freer movement 
of the upper lumbar spine distributes the force on these dises more evenly. The poster‘or 
thigh and gluteal muscles play an important part in flattening of the lumbar curve in 
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sitting, for they arise from the ischial tuberosity, the posterior aspect of the sacrum and 
the ilium; and, as the thighs are flexed, they tend to rotate the pelvis by the tension of 
their limited length (Fig. 5). Likewise, the anterior trunk-thigh muscles accentuate the 
lumbar curve in the erect standing position. The female pelvis is shaped differently from 
that of the male and flexion of the thighs on the trunk is less restricted by heavy muscles 
and ligaments. This permits women to sit at a right angle and to stoop with less flat- 
tening of the lumbar curve. Moreover, the heavier weights lifted by large muscular men 
seem to predispose them to low-back symptoms. 


STUDY OF NORMAL SUBJECTS 


A special study was undertaken to show what happens to the curve of the lumbar 
spine in various sitting and standing positions. Four normal young persons were selected 
for study, two women and two men, with no history or roentgenographic evidence of 
abnormality, in order to show the normal physiological alteration of the lumbar spine in 
various positions. Lateral roentgenograms of the lumbosacral spine of these four young 
persons were made in different positions. Tracings of these were made, the sacrum being 
superimposed in each tracing. This gave composite drawings for comparison of the altera- 
tion in the lumbosacral curve, the line of the dorsal surface of the vertebral bodies being 
used to establish the line of the lumbar curve of each position (Fig. 6). This line or curve 
is somewhat different from the line of the posterior spines of the vertebrae, or more 
accentuated, but it is more representative of the functional alignment of the lumbar 
vertebrae and intervertebral dises. Drawings from photographs of each body position are 
shown with the composite drawings. A rather limited number of positions were studied in 
Subjects [and IL in order to gain some definition of the chief factors and findings involved. 
A more complete series of positions, sixteen in number, were studied in Subject IIT and 
these were supplemented by a series of lateral recumbent positions in Subject LV. While 
it is difficult to compare the lumbar curves of different individuals, the similarity of the 
alterations which were observed in all four cases and the fairly complete series in Subject 
III seemed adequate for the interpretations made. A larger series, including a study of 
pathologically involved lumbar spines, might be more instructive, but did not seem neces- 
sary for the purpose of this paper. 

Subject | (M. M.) was a young woman of small stature; her height was five feet 
three inches, her weight was ninet y-eight pounds, and she had no recognizable abnormality 
of the lumbosacral spine. Five positions for lateral roentgenograms of this subject were 
used (Fig. 6). 

It will be noted that complete obliteration of the lumbosacral curve occurs only 
in the stooping-lifting position, and that in this position the fifth lumbar disc has changed 
from the narrow posterior wedge of the standing position to a narrow anterior wedge in 
the stooping position. This explains why such stooping-lifting strain, by the powerful 
hydraulic pressure directed posteriorly (Fig. 3), commonly causes sudden posterior extru- 
sion of a degenerated loose central fibrocartilage of the fourth or fifth lumbar disc. The 
nearest approach to the lumbosacral curve of the standing position is on the high, pivoted 
stool. In this position there is an angle of about 135 degrees between the trunk and thighs 
and at the knees. This is the position of balanced relaxation for the muscles of the thighs 
and legs, and it is the position naturally taken when one is lying in bed on one side, or 
comfortably supine in a hospital bed or a properly fitted lounge chair; it is also the position 
so many people take in straight chairs by moving forward in the seat. It represents amore 
normal lumbosacral curve than the standing position with its increased lordosis, caused 


by the pull of the anterior thigh muscles on the pelvis. However, in this position the lumbo- 


sacral curve is not obliterated, as is shown by the straight line drawn from the first lumbar 
vertebra to the most posterior part of the sacrum (Pig. 6, B). Moreover, there is no 
significant alteration of the shape of the fourth or fifth lumbar dises in this relaxed position 


Vou. 35-A, NO 3. JULY 1953 


> 
\ 
ke 
Bee 
\ 


J.J. KEEGAN 


ia 
in 
> 
= 
x 


THE JOURNAL OF BONE AND JOINT SURGERY 


54 
— | —~ 
[—| 
“A A) | 
2 | 
A, 3 
<) 
(x 
( 
/ ceo | 
| 
7 
C 
SO 
“4 | 
; 


ALTERATIONS OF THE LUMBAR CURVE 595 


Fig. 6: Tracings of roentgenograms of the lumbosacral spine of Subject I in five different positions, the 
sacrum being superimposed in each tracing, illustrated by body photographs. Note position B as that of 
most comfortable balanced muscle relaxation with the trunk-thigh and the knee angles about 135 degrees. 
This is the physiologically normal adult position, not the standing erect position A with its exaggerated 
lumbar curve 

Fig. 7: Tracings of roentgenograms of the lumbosacral spine of Subject Il in four different positions, 
the sacrum being superimposed in each tracing. The three sitting positions, B, C, and D are similar in that 
all have the trunk and thighs at right angles, differing only in the type of back support and position at the 
knees. Note that there is not much difference in the considerable flattening of the lumbar curve in these 
three sitting positions, indicating that the right-angled trunk-thigh position is the most important factor 
in flattening of this curve, although there is some protective preservation of this curve with the well placed 
lumbar back support of position B. 
and hence no tendency to posterior protrusion of these discs. The slight difference bet ween 
the lumbosacral curve of the positions shown in Figure 6, B and C, is due to decrease of 
the trunk-thigh angle in position C, which rotates the lower portion of the pelvis further 
forward and thus causes some flattening of the curve. 

Subject IL (R. W.) was a young woman of medium small stature; her height was five 
feet five inches, her weight 115 pounds, and she had no recognizable abnormality of the 
lumbosacral spine. Four positions for lateral roentgenograms were used (Fig. 7). It is to 
be noted that there is surprisingly little difference in the flattening of the lumbosacral 
curve in the three right-angled sitting positions shown in B, C, and D. The explanation 
for this is that rotation of the pelvis by the posterior thigh muscles in the right-angled 
sitting position is a greater determinant in obliteration of the lumbosacral curve than is 
the absence or presence of low-back support or the position at the knees. 

This study emphasizes that the so-called straight or right-angled sitting position 
causes considerable strain at the lumbosacral junction and explains why this position 
cannot be tolerated for long by anyone with low-back symptoms caused by intervertebral- 
dise lesions in the lower lumbar region. 

Subject IIT (J. K.) was a young man of medium stature; his height was five feet 
nine inches, his weight 155 pounds, and he had no abnormality of the lumbosacral spine 
except considerable lordosis. A more extensive series of lateral roentgenograms of the 
lumbosacral spine was made of this subject in order to compare all important positions 
in one person and to add some which had been suggested by the preceding studies of 
Subjects | and IL. All of the positions used, sixteen in number (Fig. 8), are shown by line 
tracings of the posterior lumbosacral vertebral-body curve only, with the sacrum superim- 


posed, to avoid confusion of overlapping vertebral-body lines. 

In this series it is surprising to note the slight differences in the lumbosacral curve in 
the first three erect standing positions of A (normal), B (military), and C (relaxed). It 
is also noteworthy that in the half-stooped position #, commonly used to carry a heavy 


weight on the back, the lumbosacral curve approaches closest to that of the lateral reeum- 
bent relaxed position D, with trunk-thigh and knee angles about 135 degrees. This relaxed 
position can more correctly be called the physiological normal for the lumbar curve than 
any erect standing position, but it is seen to retain considerable curve. Thesquatting 
position //7, with trunk erect, preserves the lumbosacral curve in considerable degree 
because of hyperflexion of the knees. The maximum flattening of the lumbosacral curve 
occurs in the extreme stooping position ?, which places great anterior wedging hydraulic 
pressure on the lower lumbar intervertebral discs and commonly leads to posterior extru- 
sion of the central fibrocartilage. For better comparison of the six standing positions these 
are combined in Figure 9, which shows more complete tracings of the lateral roentgeno- 
grams. Also in this figure a straight line drawn from the body of the first lumbar vertebra 
to the most posterior sacral prominence in position # shows that the lumbosacral curve 
is far from flat in this half-stooped position. 
Comparison of the lumbosacral curve in the sitting positions in Figure 8, F, 

I,J, KL, M,N, and O, with the standing erect positions, A, B, and C, shows that in 
none of the sitting positions does the lumbosacral curve approach very closely to that in 
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Fig. 8: Tracings from roentgenograms of the lumbosacral spine of Subject [[L in sixteen different positions 
The normal for this individual is established by the lateral recumbent position ) with the trunk-thigh and 
knee angles about 135 degrees, as persons lie most comfortably on their sides. The considerable increase of 
the lumbar curve in the three erect standing positions A, B, and C emphasizes that this places considerable 
tension on the anterior trunk-thigh muscles and is tiring. The lumbar curve of the somewhat stooped position 
FE comes nearest that of the relaxed position D, hence is least tiring ¢ and sefest for heavy load-carrying and 
lifting. Positions F’ and G show comparable sitting positions of 135 degrees, with lumbar support in position 
F and muscle support only in position G. Positions H and J show the influence of hyperflexion of the knees 
in two right-angled trunk-thigh positions, whereas J, with the knees at a right angle, shows more flattening 
even with lumbar support. The considerably flattened lumbar curve of position L is interesting, for it repre- 
sents the common relaxed lounge-chair position with no lumbar support, conducive to low-back strain, even 
though the trunk-thigh angle is 135 degrees. The great difference between this curve and that of positions 
F and G, with lumbar curve support, is noteworthy. Position Vis the common unsupported right-angled 
sitting position, assumed in leaning slightly forward to work at a desk, while positions O and P represent 
maximum trunk-thigh angle reduction, all with rather marked flattening of the lumbar curve 

Fig. 9: Tracings of roentgenograms of the lumbosacral spine of Subject [EL in the five standing positions 
for better comparison 


the erect standing positions. The nearest approach is in positions / and G, in which the 
trunk-thigh and knee angles are maintained at approximately 135 degrees and the lumbar 
curve is supported either by a low-back rest or by muscle support. Positions /, J, A, WM, 
and N show variations of the common right-angled trunk-thigh sitting position. The 
curve of position / shows the influence of flexing the legs beneath the chair when one is 
sitting at a right angle, as this relaxes the posterior thigh muscles and helps to preserve 
the lumbar curve near that of position G. The difference between positions J and M, with 
and without back support in the low lumbar area, shows the value of maintaining support 
at this level when sitting, but such back support with the legs straight, position V, cannot 
overcome the increased pull of the posterior thigh muscles which rotate the pelvis and 
flatten the back markedly. Position O shows the additional flattening of the lumbar curve 

caused by leaning far forward in the sitting position, near the maximum flattening observed 
in the stooping position ?. It should be noted that the common work positions when 
seated at a desk, J, J, and M, show considerable flattening of the lumbosacral curve and 
would cause anterior wedging pressure on the lower lumbar intervertebral discs, as well as 
posterior protrusion of a degenerated dise (Fig. 2). In none of these sitting positions is 
there complete obliteration of the lumbosacral curve as a whole. Lack of recognition of 
the posterior prominence of the lower sacrum and the normally recessive fifth lumbar and 
first sacral spines, and failure to consider the lumbosacral curve as a whole, have led to 
the incorrect idea that there is no need of special chair-back support at the lumbosacral 
junction® where most pathological low-back conditions and pain develop. The importance 
of maintaining the trunk-thigh angle at greater than 90 degrees, with a minimum of 105 
degrees, has not been realized in the design of most chairs and seats, for the almost 90- 
degree chair back forces considerable flattening of the lumbar curve and places strain on 
the lower lumbar dises and ligaments. 

Subject [LV (W. F.) was a young man of medium slender stature, five feet ten inches 
tall, and weighing 135 pounds, with no recognizable abnormality of the lumbosacral spine 
and no history of low-back symptoms. A series of five lateral roentgenograms of the 
lumbosacral spine were made, with the patient recumbent, to show the influence of thigh 
extension and flexion on the lumbar curve, the knees being maintained at a constant 
90-degree angle and the thorax fixed on the x-ray table. The positions and tracings of 
these five roentgenograms of the lumbosacral spine are shown in Figure 10. 

In this series it is interesting to note the marked alteration of the lumbar curve between 
positions C and D which represent the two common seated positions: C with the trunk- 
thigh angle at 135 degrees and D with the angle at 90 degrees. The considerable flattening 
of the lumbar curve in the right-angled position explains why the right-angled sitting 
position is difficult. for persons with back disorders. This series also illustrates well the 
importance of pull of the anterior and posterior thigh muscles on the pelvis, with conse- 
quent rotation backward or forward from the normal, relaxed 135-degree position C. This 
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Fig. 10: Tracings of roentgenograms of the lumbosacral spine of Subject [IV in ove lateral recumbent 
positions, the sacrum being superimposed in each tracing The only variant in these positions is decrease of 
the trunk-thigh angle, the thorax and knees being maintained at constant positions. Particularly note- 
worthy is the great difference in the lumbar curve between position C at 135 degrees and position D at 
OO degrees 

Fig 11: Tracings of roentgenograms of the lumbosacral spine of Subiect TV show four decreasingly angled 
trunk-thigh lateral recumbent positions be- 
tween 135 degrees and 90 degrees, curve F 
being at 125 degrees, G at 115 degrees, H at 105 
degrees, and J at 95 degrees 

Fig. 12: A design outline incorporating the 
basic requirements for a comfortable and pro 
tective seat, based on knowledge of the ana 
tomical, physiological, and pathological CHUSCS 
of low-back discomfort and pain This basi 
design is applicable to all seats, regardless of 
their external form or special use. leven dis- 
tinetive features are numbered on the drawing 
and are listed below with explanatory notes 

1. The most distinctive and important fea- 
ture of this seat design Is place ment of the 
primary back support ovel the lower lumbar 
spine, Where most postural back symptoms are 
located 

2. The second important feature is the pro- 
vision of a minimum angle of 105 degrees 
between the trunk and the thigh to help pre- 
serve the lumbar curve 

3. The third feature is provision of an open 
or recessive space lor the posteriorly projecting 
sacrum and buttocks. This free space permits 
constant contact with the primary lower lumbar 
back support. 

,. The upper limit of the convex primary 
lower lumbar back support in the short-backed 
“straight” chair should be well below the lower angles of the scapulae. This permits unrestricted posterior 
placement of the shoulders for relaxing change of position in the chair. 

5. The shoulder support in high-backed chairs is secondary to the lumbar support, placed at a minimum 
angle of 105 degrees with the seat 

6. Increase of the angle of the back of the seat is pivoted on a point in line with the hip joint. This permits 
maintenance of contact with the primary lower lumbar support. 

?. The maximum length of the seat is sixteen inches, measured from the most prominent point of the 
lower lumbar support This allows free space back of the knees for change of position of the legs 

8S. The height of the seat is sixteen inches, to permit comtortable placement of the feet on the floor. I 
the seat is made higher for desk or table use, it should be made shorter, fourteen inches for the standard 
thirty-inch-high desk or table, twelve or eight inches for work on a high stool 

9. The front border of the seat is curved downward or upholstered ; this aids in molding the thighs over 
the edge of the seat so that the feet can reach the floor. The joining support beneath the front border should 
be at a 45-degree angle, so that it will not interfere with placement of the feet beneath the seat. 

10. Free space below the seat is provided to allow for placement of the feet beneath the seat in rising and 
for relaxation in sitting 

11. A tilt or upward inclination of 5 degrees for the seat is provided to aid in maintenance of proper 
position against the lower lumbar back support. 


series of positions is shown diagrammatically in Figure 5, in which the important muscles 
are outlined on tracings of the lumbosacral spine, pelvis, and thighs of this subject. 

Because of the great alteration or flattening of the lumbar curve noted in this subject 
between the angles of 135 degrees and 90 degrees, a second series of lateral roentgenograms 
Was made in a similar manner. In this series the trunk-thigh angle was reduced in steps of 
10 degrees between these angles (Fig. 11). Again the wide difference between the lumbar 
curves of 135 degrees and 90 degrees may be seen, with progressive intermediate flattening 
at 125 degrees (F), 115 degrees (@), and 105 degrees (/7), and 90 degrees (J), somewhat 
greater between the angles of 125 and 115 degrees than before and after. This indicates 
that considerable flattening of the lumbar curve occurs at 115 degrees and at 105 degrees, 
emphasizing that the vulnerable lower lumbar spine needs support in these common sitting 
positions. 


DISCUSSION 


The preceding observations on alterations of the lumbar curve related to posture 


and seating emphasize several important factors in the causation of discomfort and pain 


VOL, 35-A, NO. 3, JULY 1953 


| 
> 


HO0 J. J. KEEGAN 


INCORRECT | CORRECT 


1S 


to the difheulty of rising trom an theorres tly designed lounge chau A 
in comparison with a correctly designed chair B. The too long seat with closed front necessi 
tates sliding forward and extreme flattening of the lumbar curve in order to rise without as 


sistance, The short seat and open -tront permit easy placement of feet beneath the center of 


gravity without the lumbar curve being flattened 


in the lower lumbar or gluteal regions and in the lower extremities, particularly in sitting 
at aright angle and in flexing the back far forward. While voung persons with normally 
elastic intervertebral dises and ligaments can subject their lumbar spines to considerable 
stress and strain without discomfort or disability, there is an increasing tendency in those 
over thirty years of age to experience lower lumbar pain associated with postural strain, 
and few individuals pass forty vears of age without feeling at times some lower lumbar 
soreness or pain. Lt is now recognized that a common cause of this postural low-back pain 
is posterior protrusion of a degenerated fourth or fifth lumbar intervertebral dise, which 
tends to develop when the lumbar curve ts flattened, because of stretching of the sensitive 
posterior longitudinal ligament over the dise (Figs. 1 and 2). Typically such a person 
finds it difficult to straighten the back after sitting for long in an ordinary chair, because 
of the slowness with which the protruding dise resumes its normal shape. When extrusion 
or true herniation of the degenerated loose central fibrocartilage occurs with pressure on 
a nerve root (Fig. 3), the lumbar curve becomes set or fixed in a somewhat flattened posi- 
tion, because the herniated tissue cannot return to the center of the dise and remains 
partly wedged in the posterior portion of the disc. Further flexion or flattening of the 
lumbar spine, as in sitting or stooping, stretches the sensitized overlying nerve root and 
increases nerve-root irritation and gluteal and lower-extremity pain. Moreover, standing 
erect or bending backwards often causes increased nerve-root: pain when the mass of 
herniated tissue is large and leaves little space for the overlying nerve root. Thus it is 
seen that, during sitting, support of the lower lumbar spine over the fourth and fifth lumbar 
dises is very important for persons with any degeneration or tendency to posterior protru- 
sion of these intervertebral dises. When extrusion or true herniation has occurred, the 
patient has to maintaim a somewhat fixed position of forward flexion, thus attempting to 
relieve the pressure on the nerve root as much as possible, Foreing this patient into any 
other position by manipulation, traction, or brace increases his pain and is liable to further 
the extrusion and to cause complete loss of function of the nerve root. 

As this study of alteration of the lumbar curve in normal subjects progressed, it 
became increasingly evident that the optimum or physiologically normal position of the 
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adult spine is with the trunk-thigh angle and the knee angle at approximately 135 degrees, 
and that in this position there is considerable curve in the lumbar spine. This is the posi- 
tion of balanced musele relaxation, with the intervertebral discs stabilized in their normal 
adult shape. Alteration of this normal adult lumbar curve, either forward in sitting and 
stooping, or backward in standing erect, places greater wedging strain on the lower lumbar 
dises than on those above, because of the tensing of the long thigh muscles of the opposite 
side and fixation or rotation of the pelvis (Fig. 5). Consequently it is important to recog- 
nize that sitting positions which tend to flatten or obliterate the lumbar curve by decreas- 
ing the angle between the thighs and trunk soon become uncomfortable and cannot be 
tolerated for long by persons with degenerated intervertebral dises in the lower lumbar 
region. With this basic knowledge of alterations of the lumbosacral curve in standing and 
sitting positions and recognition of the common cause of postural low-back pain, it is 
possible to establish correct rules for the design of chairs, applicable to all seats regardless 
of their purpose, size, or cost. Such a design outline is shown in Figure 12, with the several 
requirements numbered in order of their importance. 

The most important requirement of a correct seat for protection of the vulnerable 
lower lumbar intervertebral dises is placement of the primary back support over the lower 
lumbar region (Fig. 12, 7). Free space or a sharply recessive curve is needed below the 
lumbosacral juncture (Fig. 12, 3) to aeeommodate the posteriorly projecting sacrum and 
buttocks. The surface of the lower lumbar support should be convex, in conformity with 
the normal physiological lumbar curve. In small, straight chairs it is better to have the 
back support end at the thoracolumbar juncture below the lower angles of the scapulae 
(Fig. 12, 4), as this permits occasional relaxing restoration of the normal lumbar curve by 
allowing the person to lean backward without shoulder blocking. Permissive change of 
position in sitting was considered by Akerblom the most important requirement of a 
comtortable seat 

Shoulder support (Fig. 12, 5) has been overemphasized in the design of seats; 1t is 
necessary only in semireclining chairs and should always be made secondary to the primary 
support of the lower lumbar curve. In the semireclining positions the abdominal weight 
tends to flatten the lumbar curve, so that there is additional need for lumbar support, 
although increase of the trunk-thigh angle and tension of the anterior muscles help to 
preserve the lumbar curve in this position. This change of position in adjustable seats 
should be pivoted on the axis of the hip joint 

The second important requirement for a correct seat is allowance of a minimum trunk- 
thigh angle of 105 degrees in high-backed chairs (Fig. 12, 2), in order to prevent too much 
uncomfortable flattening of the physiologically normal lumbosacral curve in the adult. 
It is impossible to sit in the common straight chair with a 90-degree or 95-degree angle 
between the back and the seat without considerable flattening of the lumbosacral curve 
and painful posterior protrusion of degenerated lower lumbar intervertebral dises. It is a 
common observation that people who sit in this type of almost right-angled chair tend to 
slide forward in the seat for more comfort. This is because sliding forward increases the 
trunk-thigh angle, restores the lumbar curve, and reduces posterior protrusion strain on 
the lower lumbar intervertebral dises. 

Correct design of the seat of the chair is as important as that of the back of the chair 
and is subject to as many misconceptions of its form and function. The most important 
requirement is that it be short, never over sixteen inches in length (Fig. 12, 7), the length 
being reduced as the seat is made higher. People sit most naturally and comfortably on 
their buttocks, not on their thighs. The ischial tuberosities of the pelvis furnish the bone 
support of the trunk weight in sitting. Molding or cushioning the seat helps to distribute 
the weight more widely. It is not comfortable or useful to extend the seat beyond the mid- 
thigh region beneath the tendons back of the knees. At least four inches of free space are 


necessary there to permit some molding of the soft portion of the thighs when the knees 
are partly extended or flexed, for relaxation and change of position, and for flexion of the 
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knees in rising. The front space beneath the seat should always be left open or receding at an 
angle of not less than 45 degrees (Fig. 12,9), in order to permit placement of the feet beneath 
the seat for relaxation and as an aid in rising. It is impossible to get out of a seat which is too 
long and has a closed or wide vertical front border, except by excessive back flexion and 
sliding forward to place the center of gravity over the feet in front of the chair (Fig. 13, A). 
The much greater ease of rising from a proper short open-front seat is shown in Figure 13, 
BB. Some tilting of the seat is desirable, about 5 degrees above the horizontal in front (Fig. 
12, //), for ease in maintaining position and for contact with the back of the chair, but this 
inclination should not be so much nor the seat so long and high that the average short 
person cannot rest the feet comfortably on the floor with the knees partly extended or 
flexed, 

The height of the seat from the floor may vary according to purpose, the seat neces- 
sarily becoming shorter as the distance from the floor is increased, so that the thighs can 
he directed more downward and the feet can reach the floor. If the seat is of the maximum 
sixteen-inch length, the height should not be more than sixteen inches. This permits the 
average short person to reach the floor with his feet and to be able to extend or flex the 
knees moderately for needed change of position. It is easier for the long-legged person to 
adjust to a low seat than for the short person to adjust to a high seat. Seats for work or 
eating over the standard thirty-inch-high desk or table need to be eighteen inches high but 
not over fourteen inches in depth, to permit the feet to reach the floor comfortably. The 
reason that sitting on a high stool with a short seat is more comfortable and protective for 
work over high work tables is that the increased angle between the thighs and the trunk 
helps to preserve the normal lumbosacral curve. Flexion of the knees beneath the chair, 
commonly noted in desk workers, likewise helps to preserve the lumbar curve in sitting, 
by relaxing the posterior trunk-thigh muscles. 

Another important requirement is that a sixteen-inch distance be kept from the eyes 
to the top of a desk or work-table surface, as reading glasses are regularly adjusted for 
this focal length. While young persons can read at a much closer range than this, it is tiring 
for their eyes, and older persons with fixed eye lenses seriously need the sixteen-inch read- 
ing distance to which their glasses are adjusted. The standard height of desks and tables is 
thirty inches, some desks being adjustable to twenty-eight inches; card tables are regularly 
this latter height. The average person sitting in the ordinary straight chair with a seat 
height of eighteen inches finds that his eyes are too close to the thirty-inch-high desk or 
table top for comfortable reading and usually resorts to leaning backward somewhat, both 
to increase his reading distance and to enlarge the angle between trunk and thighs for 
more comfort when sitting. For work directly over a desk it is better to maintain the desk 
height of thirty inches, but to elevate the seat to twenty inches and reduce its length 
to fourteen inches, which permits maintenance of a larger trunk-thigh angle without 
uncomfortable pressure on the seat edge beneath the mid-thigh region. Desk workers 
now are usually supplied with a “ posture” chair which has an adjustable seat height and 
fourteen inches of seat length; this should overcome the difficulty of maintaining the 
proper reading distance of sixteen inches from their work and a desirable trunk-thigh angle 
of 105 degrees or more. HLlowever, most desks are made with such a deep center drawer that 
it is impossible to sit high enough to maintain proper reading distance, because of contact 
of the thighs against the drawer. This drawer never should be over two inches in depth; 
it is better omitted entirely, as it cannot be opened when the worker is seated at the desk. 
School desks are commonly made with a deep center receptacle, which seriously handicaps 
the shorter child in maintaining the correct reading distance of sixteen inches. 

Molding or cushioning of the seat is desirable for better distribution of weight over 
the entire buttocks; this is particularly needed for thin persons in whom pressure pain tends 
to develop over the ischial tuberosities. The front edge of the seat should be turned down 
or soft-cushioned, in order to permit change of position of the legs without uncomfortable 
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ridge pressure beneath the thighs. The covering of upholstered chairs should be porous 
and rough to provide ventilation and fixation. The present tendency to use impervieus 
smooth plastic covering, because of wearing and cleaning advantages, causes uncom- 
fortable moist heat and wrinkling of clothing. The width of the seat can be varied to fit 
individual needs. The arm rest should provide support beneath the soft muscle part of 
the forearm, not beneath the elbows, as the latter causes uncomfortable bone and ulnar- 
nerve pressure, sometimes leading to paralysis of this nerve. Consequently there should be 
an open or lower space directly beneath the elbow. 

The form and measurements of a functionally correct chair should be based on 


complete knowledge of the anatomical, physiological, and pathological factors involved 


in low-back pain related to seating, not on anthropometric measurements or on trial-and- 
error methods of testing with normal persons. A subsequent article will deal with this 
subject ina more specific manner, with discussion of the faults of types of seats in common 


use and presentation of correct seat designs 


CONCLUSIONS 


The most common cause of low-back pain related to seating is posterior protrusion 
or extrusion of lower lumbar intervertebral dises. 

The normal curve of the lambar spine in adult man is determined by maintenance of 
the trunk-thigh and the knee angles at approximately 135 degrees. 

Alteration of this normal lumbar curve, either an increase in standing erect or a 
decrease in sitting or stooping, is caused largely by the limited length and consequent 
pull of the trunk-thigh museles of the opposite side. 

The most important postural factor in the causation of low-back pain in sitting is 
decrease of the trunk-thigh angle and consequent flattening of the lumbar curve. 

The next most important cause of low-back pain in sitting is lack of primary back 
support over the vulnerable lower lumbar intervertebral dises. 

Added factors of comfort in seating are the shortness of the seat, a rounded narrow 
front border, an open space beneath for better positioning of the legs, and permissive 
change of position in the seat. 

The design of all seats, regardless of model or size, should be based on this knowledge. 

Nore: The author wishes to express his appreciation to the Department of Radiology and Physical 


Medicine of the University of Nebraska College of Medicine, Omaha, for the roentgenograms used in this 
study, and to the medical students who volunteered as subjects for the roentgenograms 
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From the New York Orthopacdu Hospital (‘olumbia-Presbyterian Medival Cente Vew York 


Ilematoma, hemarthrosis, and oedema are conditions faced daily by all orthopaedic 


surgeons. These collections of extracellular fluid present complicating factors in many of 


the acute and chronic cases seen in orthopaedic and traumatic surgery Definitive treat- 


ment of the primary pathological change Is olten delayed while the surgeon Waits fon 


nature to dispose of hematoma and oedema rather than risk the dangers incident to the 


presence ol such conditions. A means is now available to accelerate the dispersion of these 


fluids and thus allow a prompt approach to the problem at hand. The enzyme hyaluroni- 


dase has been demonstrated experimentally to accomplish this. Clinically, we have been 


able to duplicate this finding and the following is a report of over two years’ experience 


with its use at the New York Orthopaedic Hospital 


PHYSIOLOGY 


In 1928, Duran-Reynals first reported a specific spreading factor in certain organic 


tissue. Meyer has since isolated one of these factors, hyaluronidase, from an extract of 
bull testis. Further investigation by Seifter at the Wyeth Institute has resulted in rather 


exact knowledge of its physiological and pharmaceutical action 


Hyaluronidase acts directly on the ground substance of certain body tissues by the 


depolymerization of the mucopolysaccharide, hyaluronic acid. This acid forms the main 


constituent of normal connective tissue and joint fluid. With the breakdown of these 


natural barriers a freer flow of intercellular fluid is obtained. This is refleetod clinically in 


rapid dispersion of extracellular fluid collections 
Hyvaluronidase itself has no propulsive ability; but Britton and Habif have shown by 


laboratory experiments that the addition of a mechanical pressure exerted on the fluid 


collections enhances the action of hyaluronidase by providing a motivating force which 


will net upon the fluid Clinically this is supplied externally by an elastic bandage, o1 


internally by increasing the fluid pressure locally at the time of hyaluronidase injection 


by the addition of fluid 


CLINICAL APPLICATIONS 


Sprains 


The typical sprained ankle demonstrates clearly the advantage of hyaluronidase 
therapy. The area of maximum swelling and its periphery are injected with 1,000 TR 


units + of the enzyme in five cubic centimeters of one per cent. procaine; an elastic bandage 


is snugly applied; and the patient is allowed to walk with full weight-bearing, for pain is 


absent. When the patient is examined one or two hours later, the swelling and hematoma 


are found to be greatly reduced. The elastic bandage is reapplied, and the patient is fol- 


lowed in the usual manner. By allowing the patient immediate painless weight-bearing, 


the disability time is greatly reduced. The recovery period is further shortened by prevent- 


ing the brawny thickened induration so often seen following severe sprain. The tissues and 


local circulatory conditions are rapidly restored to a normal state, and the reparative 


process at the site of the ligamentous tear is thereby hastened. 


* Presented at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago 


January 20, 1955 
tA TR (turbidity reduction) unit is that quantity of the enzyme which will reduce turbidity in thirty 


minutes from that which corresponds to 200 gammas of the sodium hyaluronate to 100 gammas 
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By the use of procaine as a vehicle, total anaesthesia is produced locally in a more 
satisfactory manner, allowing the necessary roentgenographic examinations for complete 
ligamentous tear. If such is noted, the usual plaster treatment is necessary. In the past 
we have used adhesive strapping, ethyl chloride, procaine, elastic bandage, and plaster 
boots, alone or in combination. Now hyaluronidase treatment allows a more effective 
anaesthesia with procaine and at the same time dissipates the hematoma and oedema. 
Other joint sprains have been treated with the same beneficial results, particularly those 
of the interphalangeal joints of the fingers. 


Local Anaesthesia 

We have been able to increase the efficacy of procaine and produce a.more satisfactory 
local anaesthesia by the use of hyaluronidase. The spreading property of the enzyme 
causes a more rapid and extensive diffusion of the local anaesthetic. When trauma to a 
finger with a ring has oecurred, the resulting swelling distal to the ring may cause severe 


pain and necrosis. Hyaluronidase and procaine should be injected locally at the site of the 


swelling. External pressure applied with a coiled string will allow the ring to be removed 


easily without pain or damage to the jewelry. 


Fractures 

In most fracture elinies a considerable number of closed reductions are performed 
under local anaesthesia, particularly in fractures about the forearm. Usually there is a 
twenty-minute lag between injection and adequate anaesthesia. By adding 500 TR units 
of hyaluronidase to the proeaine solution, excellent anaesthesia is obtained in three to 
four minutes. Application of an elastic bandage for external pressure enhances the action 
of the hyaluronidase in dissipating the hemorrhage and oedema. With complete 
anaesthesia and the reduction of the surrounding swelling, the bone ends are more easily 
palpated and a more satisfactory reduction is possible. Hyvaluronidase has been shown to 
remain effective for twenty-four hours, and it has been the authors’ experience that at 
the end of that periad after reduction, swelling has been less than in patients treated pre- 
viously without the enzyme. The fundamental principles of limb elevation and finger 
motion are still of prime importance and must not be neglected. We now use this enzyme 
with procaine whenever we elect a closed reduction under local anaesthesia in fracture 
treatment. 

On several occasions we have had the opportunity of injecting procaine and hyaluroni- 
dase into the fracture site of a patient who a few hours later had an open reduction. At 
the operation we were impressed with the absence of the usual signs of recent trauma. 
There was a startling lack of oedema and hematoma. Devitalized tissues were clearly 
demarcated and technically débridement was simplified and was more exuet, 

Karly injection of the fracture site produces immediate relief of pain and thus im- 
proves the patient’s morale and confidence in the manner of treatment. 


Volkmann's Contracture 


The typical problem of a severe supracondylar fracture of the elbow with the ever- 
present concern for adequate reduction obtained without cireulatory impairment. is 
common. The well known results of a Volkmann's ischaemic contracture are disastrous 
to both patient and doctor. It is not within the scope of this paper to discuss the etio- 
logical theories of this condition. The mechanical occlusion of the venous cireulation with 
ischaemia and oedema results in subsequent fibrosis of the volar musculature. Undoubt- 
edly vasospasm of the artertal tree plays a companion role. Immediate treatment is 
necessary if contracture is to. > prevented. Hyaluronidase and procaine offer an effective 
non-operative method to relieve the subfascial tension caused by oedema and hemorrhage 
The hyaluronidase rapidly disperses the offending fluid collection, and the procaine, which 
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Fic. 1-A Fic. 1-B 
Pig. 1-A: Two-year-old hemophiliae with large axillary hematoma of thirty-six hours’ duration. Arm 
was fixed and radial pulse was barely discernible. Any attempt at passive motion caused extreme pain 
| ig. J B: Fulls inge ol motion was possible forty-eight hours after treatment. The pulse Was strong 
There Wits 


under the influence of the enzyme diffuses through a much wider area, relaxes any degree 
of arterial spasm present. 


Case 1. J. Ro, a nine-year-old white boy, sustained a supracondylar fracture of the right humerus four 
hours before admission to the emergency ward. The elbow was markedly swollen and the antecubital fossa 
was obliterated by a brawny oedema. Any attempt at reduction and maintenance in the flexed position 
resulted in obliteration of the radial pulse. Accordingly, elevation with an olecranon wire was elected. Fifteen 
hundred TR units of hyaluronidase mixed in three cubie centimeters of one per cent. procaine was injected 
into and about the antecubital fossa and into the fracture site. The oedema diminished and the tissues 
about the elbow became soft. About thirty minutes after injection, it was possible to reduce and to hold the 
fracture in the flexed position, with a bounding radial pulse. The injections were repeated daily for three 
days to prevent the re-aeccumulation of fluid. A good result: ensued 


Soft-Tissue Hemorrhage 


Certain types of soft-tissue injuries result in considerable hemorrhage and swelling, 
depending upon size and site. Some of the hemorrhages may have delayed effects which 
are of the utmost importance. Myositis ossificans is a potential threat in any deep muscle 
hemorrhage, particularly if the extravasation lies close to bone and in a closed fascial 
space. This condition in the quadriceps and brachialis muscles, in particular, 1s prone to 
develop following direct trauma. The familiar charley horse of the football player always 
presents the threat of myositis ossificans as a complication. We have injected several 
such hemorrhagic areas with 1,000 TR units of hyaluronidase and one per cent. procaine 
with marked relief of tension and pain and the dispersion of the hematoma. The effect was 
constant and continued even after the anaesthesia produced by the procaine had worn off. 
We assume that, with this early dispersion, myositis ossificans is prevented, but we have 
not vet proved our contention. Of course we cannot predict in which patient this complica- 
tion will develop, nor does every individual with a contused quadriceps seek medical 
treatment; but we think that a theoretically sound method of prevention is now available. 

Soft-tissue hemorrhage alone may be a disabling condition in some instances, partic- 
ularly when surgical release is impossible or impractical as in the following patient: 

Case 2. C.F, a two-vear-old white boy of Italian extraction, a proved hemophiliac, was admitted 
to the Orthopaedic Hospital with a large axillary and subpectoral hematoma of thirty-six hours’ duration 
(Fig. 1-A). When first seen, his right upper extremity was fixed at 90 degrees of abduction, and any attempt 
to move it caused extreme pain. The arm was oedematous to the finger tips and the radial pulse was barely 


discernible 
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Fifteen hundred TR units of hyaluronidase were dissolved in eight cubie centimeters of one per cent. 
procaine and two cubic centimeters of the solution was instilled in each of the following locations: the 
«xilla, in and beneath the deltoid anteriorly, in and beneath the pectoralis major muscle, and into the 
antecubital fossa. An elastic-bandage shoulder spica was applied. Twenty-four hours later, the patient was 
able to adduct the arm actively to within 45 degrees of the body. Most of the peripheral oedema had gone 
and the radial pulse was full and equal to that of the opposite side. A second course of injections was given 
and the elastic: bandage spica was re-applied. At the end of forty-eight hours, the axilla was soft. The child 
could adduct his arm completely to his side (Fig. 1-B), and could reach above his head in all directions 
Some fullness persisted about the shoulder girdle, but motion was painless and 90 per cent. of normal. 
There was no peripheral oedema 


Postoperative Hematoma 


Unfortunately, the most careful surgeon cannot avoid an occasional wound hema- 
toma, particularly when cancellous bone or a medullary cavity has been opened. Hema- 
tomata often develop after bone surgery and may give concern in the treatment. Fear of 
introducing infection makes one hesitant to re-open a wound. As an alternative treatment, 
postoperative hematomata of possible serious import have been injected with hyaluroni- 
dase, with the application and maintenance of firm external pressure. The results have 
been most impressive. A long-standing hematoma around which a fibrous wall has devel- 
oped probably will not respond as well to this treatment as does one of recent origin. 

In the surgical procedure of arthrodesis, it is necessary to expose considerable can- 
cellous bone which, on removal of the tourniquet, bleeds considerably, despite pressure dress- 
ings. A considerable amount of this blood collects locally and may be a source of delayed 
skin healing and constriction of lymphatic drainage distal to the fusion area. This is 
particularly true in arthrodeses of the wrist, ankle, and subtalar joints. In an attempt to 
diffuse this hematoma and to prevent local accumulation, we have instilled hyaluronidase 
into the deeper layers of the incision at the time of closure. It is not possible in such a 
procedure to present statistical evidence of the results, for there are no measurable stand- 
ards for comparison. In those cases in which this has been done, however, impaired circula- 
tion seems to have been less of a problem and eechymosis more widespread. Due to this 
absence of local collections, tissue necrosis and hematoma did not appear. It is too early 
to say whether this method of treatment will consistently be beneficial, but the prospects 
so far are encouraging. 

In surgery involving the opening of the knee joint for meniscectomy and other intra- 
articular procedures, we have instilled 1,000 TR units into the joint when closing it. The 
apparent reduction of postoperative joint distention was marked. 


Hemophilic Hemarthrosis 


Acute hemophilic hemarthrosis is a difficult and discouraging condition to treat. The 
effects of repeated hemorrhage into a joint cavity are well known. The treatment of late 
flexion contractures and arthritis demands prolonged hospitalization with wedging casts 
and splints, followed by physical therapy, and even then the results are not remarkable. 
Previously, the usual treatment of an acute hemarthrosis in hemophilia has consisted of 
sedation, splinting, and, after all pain and danger of bleeding had subsided, cautious 
physical therapy. This may have required several weeks of hospitalization before the origi- 
nal range of motion was restored, and often there was residual limitation. We have injected 
hyaluronidase and procaine into these acutely painful joints ?; within forty-eight hours 
the previous range of motion has been restored and pain has been eliminated. 

The method is, in brief, as follows: When a hemophiliac appears with an acute hemar- 
throsis, the clotting time and other routine laboratory data are obtained. Plasma or 
fresh blood is given to lower the clotting time. The joint is entered with a small bore 
needle in the usual manner, and three to four cubic centimeters of the dark viscid blood 
is removed, One thousand TR units of hyaluronidase are then mixed with procaine in the 
amount equal to that of the blood withdrawn. This is injected into the joint and a snug 
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elastic bandage is applied. No treatment other than bed rest is necessary. When the 
patient is re-examined in twenty-four hours, pain is usually absent and the range of 
motion is much greate*. Oecasionally, a second injection is necessary. After forty-eight 
hours, the patient ean walk without pam or has tree use of an upper extremity and may be 
discharged 

We have had nineteen good results, with a restored range of painless motion in forty- 
eight hours. One failure resulted from cessation of treatment because of joint reaction, 
thought possibly to be due to infection. This was not verified and the joint later recovered 
The rapid restoration of a normal range of motion precludes stiffness; but perhaps even 
more important is the early restoration of normal synovial fluid to the involved Jom 
and thus return of the normal nutritional source of the articular cartilage, thereby fore- 
stalling or preventing the degenerative changes which lead to crippling arthritis. 

In conelusion, we have found that hyaluronidase has provided us with a definite 
therapeutic aid in orthopaedic cases in which hemorrhage and oedema have been obstruc- 
tive factors in the path ol satisluctory treatment 


Nort Tre wish to ¢ press thew ipprectition to veth nnsviv 
for their generous donations of the hvaluronidase used in this study 
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DISCUSSION 


Dr. Ler C. New Orveans, Lovurstana: The authors have proposed a new substances 
for our armamentarium, In itself, it is not a therapeutic agent, but it aets as a catalyst for several aids in 


healing. Since its appearance on the commercial market, we have made use of it in hospital and office practice 


and we believe that the findings of Dr. MaeAusland and his associates are valuable and helpful 

It has been our observation, in the instances when we have used hyaluronidase, that it has performed 
its tasks without detriment to the late healing or local tissue reaction. We have used it under the following 
errcumstances 

1. In donor bone-graft sites, such as the tlium, in order to prevent hematoma and serous drainage 

2. As an adjunct in local novocain injections for minor fractures and for trigger-point areas of the back 
ind subdeltoid regions 

3. In suppurative arthritis of the joints in conjunction with penicillin therapy. In the first instance 
the thine aren showed less swe lling ind less tenderness, and the patient sapype ared to move about more freely, 
whereas in our Previous eX pPerlence the condition of this area has usually been the cause of prolonging the 
patient s stay in bed. Hematomata are not usually present and serous drainage oecurs to a lesser degree 

When combined with novocain for metacarpal, metatarsal, finger, and toe fractures, the effeet of the 
anaesthetic is more immediate: less of the drug is required; and the comfort afterward is more assured 
However, I do not embrace its use in ankle sprains, as do the authors, since it does not appear physiologic al 
to allow weight-bearing on these traumatized tissues. I cannot agree that the reparative process ob a ligs 
mentous tear is hastened by weight-bearing and motion, even though this drug is used 

When the aspiration replacement technique of penicillin therapy has been used in suppurative joints 
we have observed that, although the character of the joint fluid is changed and organisms disappear, the 
bulk of svnovial fluid returns, which necessitates re-aspiration, although infection has been combated. With 
the addition of hyaluronidase to our penicillin injections, the factor of excess fluid is materially aided 
and there does not ippear to be anv inhibitory effect on the healing process 

We have not recently encountered impending Volkmann’s contracture, and therefore cannot comment 
on the therapeutic assistance of this drug in that condition. The speaker's enthusiasm for the prevention of 
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FRACTURE OF THE CARPAL NAVICULAR (SCAPHOELD) BONE 
AN Enp-Resuur Stupy in Minrrary Personne. 


BY JOSEPH S. BARR, M.D., WILLIAM A. ELLISTON, M.D., HENRY MUSNICK, M.D., 
PHOMAS L. DELORME, M.D., JOSEPH HANELIN, M.D., AND ARTHUR A. THIBODEAU, M.D., 
BOSTON, MASSACHUSETTS 


Fracture of the carpal navicular is a frequent injury in young adult males; and, as 
might be anticipated, it was a common cause of disability in Military Service during World 
War IL. This study was undertaken in order to determine the incidence of this fracture in 
the Armed Forces, the amount of disability resulting from it in both united and ununited 
fractures, the factors predisposing to non-union, and the various methods of treatment of 
non-union. Although it was originally planned to study at least 100 cases of united as well 
as of ununited fractures with a minimum elapsed time since injury of five vears, it proved 
possible to obtain the names and addresses of only seventy-one veterans and of these only 
fifty were available for study. Forty-four of this latter group reported for study ; six refused 
to come in. The chief obstacle to locating veterans with this fracture lay in the fact that 
punch-card coding in the Army files included only a 10 per cent. sample of the total in- 
juries occurring in a single 

Ithough the small number of patients available made a statistical study of no value, 
a clinical study was undertaken in the following manner: Fach man was studied by a pro- 
fessional team consisting of an orthopaedic surgeon, a roentgenologist, a psychiatrist, and 
a doctor interested in muscle physiology. A careful history was taken and compared with 
the information recorded in the health and hospital records. This was followed by a physi- 
eal examination, psychiatric evaluation, ergographie studies, and detailed roentgeno- 
graphic examinations 

The orthopaedic investigation including the history and physical examin: ion re- 
vealed that nearly 90 per cent. of the fractures in this series occurred in vetercns under 
the age of thirty vears, the voungest being eighteen and the oldest forty-seven. Of the 
total group, thirty-nine were injured in Military Service, while five had sustained the 
fracture prior to Military Service and had resulting non-union. There was no apparent 
correlation with the type of duty. Of the thirty-nine receiving their fractures during Mili- 
tarv Service thirty-one (thirty-two wrists) had primary union and in eight (nine wrists) 
non-union developed. ‘These nine non-unions combined with the five men with established 
non-union prior to Military Service gave a total of fourteen non-unions diagnosed while 
the men were on active duty. No one with primary union was surveyed from the Service 
because of this injury, while of those with non-union, six or approximately 50 per cent. 
were discharged because of wrist disability and seven completed their terms of Military 
Service with some handicap. Surgical treatment resulted in union in two of these seven 
with non-union. Of the five with non-union prior to Military Service, four were discharged 
and one was treated successfully with bone-gratting. 

Although the left wrist was more frequently injured in this series than the right, there 
Was no statistically significant relationship between the side injured and the dominant 
hand. 

The mechanism of injury was a fall on the outstretched hand in thirty-one cases, a 
blow with the fist clenched in three, a twisted wrist in three, and hyperflexion of the wrist 

* This study was carried out at the Massachusetts General Hospital under contract from the Veterans 
Administration upon recommendation of the Committee on Veterans’ Medical Problems of the National 


Research Council. This is a condensed version of the report submitted to the National Research Council 
C.V.M.P. Project No. 32, V. Am Project No. 23325 
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No. 659273. Development of non-union. Age at the time of study: twenty-eight; age at 
Injury: twenty-two, 
(Continued on page 611) 
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(Continued from page 610) 

October 7, 1943. The patient sustained an acute fracture through the waist for which the 
wrist was immobilized in a plaster cast with the thumb incorporated and the wrist in dorsi- 
flexion. The cast was worn for eight and a half weeks, being echunged only once. 

November 22, 1943. Evidence of aseptic necrosis, proximal fragment 

December &, 1943 Fracture line is less distinct, but the proximal fragment remains rela- 
tively dense. 

\pril 16, 1949. Non-union, fragmentation, dorsal angulation of the fragments, cyst forma- 
tion in the distal fragment, and mild traumatic arthritis are seen on the roentgenogram. Two 
small osseous bodies have formed along the anterior lateral aspect of the fracture. Ay Fy [y.* 


hia. 2 
No. 647287. Successful drilling operation, right. Age at the time of study: twenty-six; age 
at injury: twenty 
Inadequate immobilization by means of an anterior plaster splint for four weeks led to non- 
union. Ten months after injury drilling operation was done followed by immobilization for 
seven months. The navicular shows increased density ° the eens with minimal dorsal 
angulation. Slight traumatic arthritis is also shown. A, Fy 
* In each instance, the result was evaluated, according to the method in use at the Massachusetts Gen- 
eral Hospital, from three separate viewpoints: anatomic restoration (A), functional recovery (F), and - 
effect upon economic ability (1°). Each of these three was graded on a numerical basis ranging from 4 (87.5 
per cent. to 100 per cent.) to 0 (12.5 per cent. and below). 
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hie. 3 
No. GS6O80. Healed fracture, left: wrist, with minimal displacement. Age at the time ot 
study: twenty-six; age at injury: twenty three 
Patient fell on acutely flexed wrist. The fracture was immobilized for an adequate period 
Roentgenogram shows radial and distal angulation at the watst of the left navicular. The 
right wrist is normal. Ay Fy bes 
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Pia. 4 
No, 652096. Successtul bone graft, right. Age at the time of study: twenty-nine: age at 
twenty-five 
Fracture was not detected until non-union had developed The non-union was treated by 
Union was evi- 


A, F; 


a tibial graft and the insertion of multiple bone chips two vears after injury 
dent four months later. Slight sclerosis of the proximal half of the right navicular occurred 
There was minimal traumatie arthritis and slight osteoporosis of the wrist bones 
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No. GAS95S. Healed fracture, left. Age at the time of study: twenty-seven: age at injury 
twent three 

The fracture of the lett mavicular was immobilized for only two weeks after injurv, vet union 
occurred. The selerotie band through the waist of the left navicular may be residual to trace ture 
or may be normal ridge. The right wrist is normal. Ay Fy | 


in one. The mechanism was not known im eight. Most of the injuries were incurred during 
organized athletics; only three occurred during combat 

The signs and symptoms found in this study did not differ from those found in other 
series; these were pain, weakness, swelling, limitation of motion, and local tenderness 

Of the thirty-nine men injured while in Service, twenty-nine were x-raved within two 
days of their accident. The remaining ten either tailed to report Tor examination early or 
were told they had “sprained wrists”. The diagnosis was made within one week of injury 
in thirty-one wrists and in all but two of these primary union was obtained. One non-union 
oecurred even though the wrist had been immobilized in plaster for eight and one-halt 
weeks (Fig. 1), while the other was immobilized only four weeks. From the data available, 
the causes for non-union appeared to be (1) too short or inadequate immobilization and 
(2) delay in treatment for one reason or another (failure of the patient to report injury, 
erroneous diagnosis of a sprain, and combat conditions). The standard plaster gauntlet 
vith the thumb ineluded and the wrist in the cock-up position was the usual form of im- 
mobilization and gave good results, provided it was apphed early and was maintained 
until union was present as shown by x-ray 

The end results in this series showed that among the thirty-one men with primary 
union (thirty-two wrists), thirty wrists showed an almost perfect anatomical result by 
x-ray, While three showed mild displacement of the fragments (Pig. 3). None of these 
patients had permanent impairment of earning power and only five (16 per cent.) had 
any impairment of function. The functional deficit was mild and included tenderness in 
three cases, a “clicking” sensation in one, diminished grip in four, and some loss of motion 
in three. Among the fourteen veterans (fifteen wrists) with established non-union at this 
end-result study, non-union developed in one after discharge. Six had essentially no treat- 
ment; three were treated unsuccessfully with plaster-cast immobilization; and six were 
treated surgically. Only two operations were successful; one consisted in drilling the frac- 
ture line, followed by seven months’ immobilization (Pig. 2); the other was the insertion 
of a tibial-bone graft which resulted in union in four months (Pig. 4). Among the failures 
were one patient in whom excision of the proximal fragment had been done (this resulted 
in the poorest wrist funetion of any wrist examined in this series) (Pigs. 5-A and 5-B), one 
in Whom the fracture line was drilled and the wrist was immobilized for only two months, 


and two patients whose fractures had been treated by the insertion of tibial-bone grafts 
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Ria. 7 
No. 643658. Fracture of the tuberosity of the left navicular. Age at the time of study: 
twenty-six; age at Injury: twenty-two 
The wrist was immobilized for nine weeks after injury. The tracture of the tuberosity seen 
in the roentgenograms made on April 20, 1944, is shown to be healed in those made on Decem- 
ber 1, 1948, but there is minimal displacement. Ay Fy I 


In the roentgenographic studies of these veterans, multiple views were employed of 
both wrists in order to determine the position of the healed fragments. Although all views 
were considered helpful, those giving maximum information were (1) the postero-anterior 
view with the wrist in ulnar deviation, (2) the oblique postero-anterior view with the han Jl 
in neutral, medial side down, and the forearm in pronation of 45 degrees, and (3) the 
oblique antero-posterior view with the hand in neutral, medial side down, and the forearm 
in supination of 45 degrees. 

Among the forty-four veterans (forty-six fractures) studied, twenty-four fractures 
were on the left, eighteen on the right, and two were bilateral. Twelve showed non-union 
and in one the proximal fragment had been excised. The fracture was located in the waist 
in twenty-nine cases, in the tuberosity in three, and in the proximal third in three. The 
location could not be determined in eleven. Where primary union had occurred, frequently 
no residuum of the fracture could be visualized; often slight coarsening of the trabeculae 
ora selerotic band at the site of injury was the only evidence of injury (Fig. 6). In three 


there was slight displacement (Pigs. 38, 7) and in one instance some evidence of osteo- 


porosis. The two fractures uniting atter surgical intervention also showed displacement 


(Figs. 2, 4). These were the only wrists showing evidence of both traumatic arthritis and 


osteoporosis in the group with union. 
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In the twelve instances of non-union (two in the proximal third, ten in the waist) 
the following changes were noted: 


kia 8S 
No. 646350. Non-union, left. Age at the time of study: thirty-one; age at injury: twenty-six 
The patient did not report the original injury. One to two years later, he sustained another 
injury to the same wrist at which time the diagnosis of ununited fracture was made. Although 
immobilization was maintained for ten weeks, union did not occur. The rcentgenograms show 
a fracture through the proximal third with fragmentation, dorsal angulation, and traumatic 


arthritis. The right wrist is normal. Ao Fy Ps. 
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1. Fragmentation in two cases (Figs. 1, 8), apparently the result of continued use in 


the presence of non-union and not comminution of the fracture with initial injury; 


2. Displacement (all cases) consisting of dorsal angulation in ten (Fig. 9) and eventual 
radial and distal displacement of the proximal fragment ia two (Fig. 10); 


Fic. 9 
No. 675645. Non-union, right. Age at the time of study: thirty-three; age at injury: fifteen on 
sixteen 
Patient had received no treatment. As seen in the roentgenograms there is dorsal angulation of the 
fragments, aseptic necrosis of the proximal fragment, evst formation, and traumatic arthritis, as well 
as the formation of a small ossification in the joint at the tip of the radial styloid. Linear density 
through the waist of the left naviceular could be a normal ridge or the result of the old injury. Ag Fg bo. 
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of the proximal fragment in four (Fig. 1), of both 


The two latter cases mav have 


3. Aseptic necrosis in six causes 
fragments in one, and of the distal fragment alone in one 


represented reactive or traumatic sclerosis) ; 


hia 10 

No. 672312. Non-union, left. Age at the time of study: forty-six; age at injurv: unknown 

Patient apparently had had an ununited fracture before his entry into the Service. When he 
reported a sore wrist, his wrist was treated with immobilization in a plaster east for four weeks 
without benefit 

The roentgenograms show sclerosis at the fracture margins, ¢vst formation, radial and distal 
displacement of the proximal tragment and traumatic arthritis Separation of lragments on 
ulnar deviation and the osseous body lateral to fragments should be noted. A, Fy Ey. 
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No. GIOSOL Non-union, bilateral, Age at the time of study 


twenty-seven, age at tnjgury: 


The patient’s injury probably antedated his entry into the Service. There is a wide gap 
between toe fragments and a small fragment dorsally on both sides. There is dorsal angulation 
margins and eyst formation in the distal 


o! thefragments bilatesally. Oa the left, sclerotic fracture 
fragment and in the capitate are seen. There is traumatic arthritis bilaterally. The symmetrical 
A, F, 


changes seen in both wrists raise the possibility of congenital tripartite naviculars 


1. Sclerosis of the fracture margins in six cases (Figs. 9, 10); 
5. Cyst formation in seven eases six in the distal and one in the proximal fragment 
(ne wiist showed eysts in both the capitate and the greater multangular) (Fig. 11); 
6. Osteoporosis in three cases (Fig. 4 
Traumatic arthritis to a greater or lesser degree in all cases (Fig. 9). 


7. 

The work capacity of each subjeet’s hand was evaluated by means of a specially 
designed ergograph. The instrument was so constructed that two pairs of parallel, vertical 
posts projected from the top of a table at which the subjects sat (Pigs. 12, 14). The 
movable posts of each pair were connected by a system of gears with a large pulley to the 
circumference of which two heavy weights were attached (Fig. 13). At rest, the cable and 
weight exerted no torque, but as the posts were approximated by the patient’s grip the 


large pulley was rotated, causing the weights to travel upward and outward on the cir- 


cumference of the pulley. As a result, a progressive increase in torque was exerted by the 
weight. This apparatus made it possible to test both hands simultaneously or separately. 
‘The rate of contraction and relaxation was regulated by a metronome, while the strength 
of each contraction was recorded by an ink tracing on a moving paper (Fig. 14). The work 
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done could thus be measured in inch-pounds. Each test was run for two minutes, since 
beyond this point a fatigue level or plateau was reached which the subject could maintain 
indefinitely. The rate and rhythm of contraction was set so that there were approximately 
forty-two to forty-four contractions per minute, the periods of contraction and relaxation 
being equal. Two tests were given at fifteen-minute intervals. Since no significant differ- 
ence in the work capacity of the two runs was found, only the data from the first run were 
used. Tests on seven normal young males indicated that the mean work capacity of the 
dominant hand was 5.5 per cent. greater than that of the opposite side. However, since 


Fig. 12 


View of the top of the ergograph. Paper is not in place nor are the ball-point pens. The switch in 
the upper right-hand corner is used to turn on or off the motor which moves the paper 


View of the undersurface of the ergograph showing gear mechanism and weights. As shown, the 
vertical posts are approximated so that the weights attached to the large pull-up are exerting maxi- 
mum torque. 
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Fia. 14 


\ patient is shown sitting at the ergograph in position for testing. Note vertical posts, moving 
paper, ball-point pens adjusted to record contractions, and the metronome. The motor to move the 
paper is in a rack on the underside of the table. 


there was a 10 per cent. error inherent in the apparatus for various technical reasons, the 
effect of hand dominance could be disregarded. The data were recorded as a percentage of 
normal, normal being considered to be the work capacity of the subject’s uninjured hand. 

The ergographic contours were strikingly consistent in normal hands. There was an 
initial treppe effect of several successive spikes, then spikes or contractions of fairly con- 
stant or slightly decreasing amplitude for at least a one-half minute, atter which there 
was a rapid but regular decline in spike amplitude until a plateau was reached where the 
mean spike amplitude was constant indefinitely, representing the aerobic contraction 
phase. 

There were thirty-eight subjects with satisfactory ergograms. Of these, sixteen were 
discarded because the subjects’ attitudes either were not recorded or could not be evalu- 
ated. Among the veterans with excellent results there was a striking correlation between 
the ergographic and the functional and anatomical ratings as determined by orthopaedic 
and roentgenographic examinations. However, in the poorer results there was little or no 
uniformity among the three types of rating. No explanation for this could be found, 
The ergographice test is one of maximum effort, performed under stress with attendant 
pain, and psychological factors which are rarely if ever present otherwise. It may be for 
this reason that this test bears no relationship to the other methods of evaluation which 
are based on an arbitrary rating of strength, motion, ability to work, and subjective 


symptoms. In cooperative subjects the ergographic test proved an accurate method of 


evaluating work capacity and showed the influence or lack of influence of such factors as 
pain, weakness, and limitation of motion. However, it did not reveal the responsible factor 
for reduction in work capacity when two or more of these factors were present. Further- 
more, this test revealed previously undetected loss of work capacity caused by minimal 
amounts of pain, weakness, and loss of motion, or conversely the absence of any reduction 
of work capacity in spite of the presence of minimal disabilities. 

In uncooperative patients the contour of both the normal and injured hands was 
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characteristically irregular. This was in contrast to the painful cases in which the ergo- 
grams were smooth, resembling the normal contour, except that the total amount of work 
done was reduced (that is, in diminished height and duration of contractions). In about 
one-half of the uncooperative patients the ergogram of the normal hand tended to follow 
that of the injured hand. This was not necessarily true in the cooperative patient. It was 
thus possible to detect work-capacity reduction with considerable accuracy on the basis of 
poor cooperation or “‘malingering”” rather than pain, weakness, or limitation of motion 

The psychiatric study of these patients was undertaken to elucidate the role of per- 
sonality in (1) the production of fracture of the carpal navicular in veterans, (2) the treat- 
ment of such fractures, and (3) the veteran’s subsequent life adjustment. There were 
obvious limitations to such a study because only one forty-to-sixty-minute interview with 
each veteran was possible and some veterans resented being interviewed. Nonetheless 
data for statistical comparison were obtained 

The method of study employed consisted of (1) a psychiatric interview and (2) a 
questionnaire. The interview concerned ttself first with the accideit, seeking evidence ot 
purposiveness or other psychological factors in the production of the accident and second 
other evidences of invalidism, neuroticism, or “compensitis’’ subseq iently. A history of 
other accidents, operations, or illnesses was obtained, as well as a personal and family 
history. Most of the men interviewed preferred to be superficial in the more personal areas, 
but five or six gave a revealing interview. 

The questionnaire consisted of two parts, the first including questions dealing with 
present-day symptoms, the second referring to childhood symptoms 

Kach veteran's interview was studied and classified according to accident proneness, 
impulsivity, neuroticism, and general adjustment. The first two categories were selected 
because they have been repeatedly described as applying to the “fracture personality’, 
while the other two were chosen to give more complete information regarding the veteran's 
personality for statistical comparison 

The results of this study of thirty-nine veterans revealed that there was no clear-cut 
‘fracture personality ’’. Marked degrees of impulsivity were not particularly characteristic, 
in contrast to Dunbar’s findings. Only 28 per cent. of these had had two or more previous 
accidents, while in Dunbar’s series 72 per cent of the fracture group did have such a history 
of previous injuries. At least six men had personality factors which played a definite role 
either in the production of the fracture or in complicating the clinical picture. In general 
the personalities in this group were heterogeneous. Accident proneness, impulsivity, and 
other personality traits were not predominant. Why the findings in this study differ from 
those of Dunbar is not clear. Various factors may be responsible. For instance, military 
personnel were screened psychologically at induction; possibly this eliminated those with 
excessive tendencies toward accident proneness, impulsivity, and neuroticism, as well as 
the most poorly adjusted individuals. Furthermore, this group was exposed to more risk of 
bodily injury than would occur in civilian life ordinarily. As a result, increased exposure 
to injury may have outweighed personality factors 

Finally, this study, being less thorough than Dunbar’s, may have failed to reveal 
personality traits which more extensive study would have brought to light. [t was eon- 
cluded that a psychiatric study would be of little value ina large-scale follow-up study of 


veterans with this fracture 


AND CONCLUSIONS 


SUMMARA 
\s the result of an end-result study of forty-four veterans who had fractures of the 
carpal navicular, recognized while in Military Service during World War I], the following 
conelusions seemed warranted 

1. If healing by primary union occurs, there is minimal residual disability. which 
does not interfere with the performance of duty 


JOURNAT 


AND) JOINT SURGERY 


FRACTURE OF THE CARPAL NAVICULAR 


2. About 50 per cent. of the ununited fractures were surveyed from the Service for 
Wrist symptoms. If non-union is established before induction, this injury should be dis- 
qualifying for full-duty status. 

3. The incidence of non-union in Military Service was 22 per cent. The factors tend- 


ing to produce non-union appeared to be insufficiently prolonged immobilization and delay 


in instituting treatment. Immobilization must be maintained until there is union as shown 
by x-ray. This may require more than eight weeks, even in acute fractures promptly 
diagnosed and treated. 

1. The treatment of non-union in this series was unsatisfactory. Of the fourteen men 
With non-union, nine were treated conservatively without improvement; five were oper- 
ated upon, union and a satisfactory result being obtained in two 

5. Persistent non-union results in partial absorption, displacement and fragmenta- 
tion of the fragments, evst formation in the navicular, and degenerative arthritic changes. 
Functional impairment was present in every case, but earning power was impaired in only 
$2 per cent. of the cases 

6. A psychiatric study of these patients revealed the personalities to be heterogene- 
ous with no particular trait outstanding. In only six instances were there clearly dis- 
cernible psychological factors related to the fracture or the veteran's adjustment following 
the fracture 

7. The work capacity of these injured wrists, as determined by a specially designed 
recording ergograph, in cases with primary union showed little or no impairment. Only 
one of the fourteen wrists with non-union showed a normal work capacity. The ergographie 
tracing in the uncooperative patient Was characteristic and proved to be an aid in deteet- 
ing lack of cooperation, 

Nore: In the original report, there was a complete bibliography 


1. DuNBAR, FLANDERS: Medical Aspects of Accidents and Mistakes in the Industrial Army and in the Armed 
Forces. War Med., 4: 161-175, 1948 


DISCUSSION 


Tue Use or [Tprontazip iN THE TREATMENT OF BONE AND 
Joint TUBERCULOSIS 


(Continued from page 588 


I should like to ask Dr. Bosworth about the suitability of iproniazid for local treatment, and further I 


would like to thank Dr. Bosworth for his pioneering in the use of this drug 


Dr. Boswortnu (closing): While all of the discussors have been very kind, they have brought up many 
problems We cannot answer them all. The question of treatment by local injection is one that has arisen, 
Such treatment has been tried and is unsatistaetory. Inaccurate local and blood-serum levels result. Success 
in treatment depends upon a very close dosage of this drug in its final contact with living tissue cells and the 
Vycobacterium tuberculosis. Tn our papel and in this discussion the figures given are those present to the best 
of our knowledge at this time. One must have the concentration up to 3.5 gammas per milliliter in cultures 
or in serum to satisfactorily control the tubercular organism. When it begins to drop down toward 2.8 
per milliliter, there will be a very definite change in percentage control of the tuberculous infection. So one 
has to keep toward the higher dosage. Now, what defeats you at keeping toward the higher dosage? It is the 
fact that this material is found to be, on an average, 50 per cent. higher in the spinal fluid than in the blood 
serum. If the satisfactory serum level is 3.5 gammas per milliliter, then the spinal-fluid level may be 5.2 
gammas per milliliter. With this you have toxicity manifested by central neurotoxic symptoms, Absorption 

(Continued on page #58) 
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\ SURVEY OF CARPAL AND TARSAL ANOMALIES 
BY RONAN O'RAHILLY, M.D., DETROIT, MICHIGAN 


From the De pa ‘ment of Anatom i, Wa jm University Detroit 


To collect and codify the facts of Variation is, I submit, the first duty of the naturalist.” 
(William Bateson, Materials for the Study of Variation, 1894 


The congenital anomalies of the human carpus and tarsus are of frequent occurrence 
and of considerable interest— teratological, embryological, roentgenological, orthopaedic, 
and medicolegal. A vast although widely scattered literature on the subject has developed, 
but a comprehensive account does not seem to have been published 

\part from minor variations in shape, size, or position of the individual bones, there 


are five chief categories of carpal or tarsal anomalies *: (1) severe anomalies associated 
with antebrachial (crural) or digital abnormalities, or both; (2) fusions; (3) eases of ac- 


cessory ossicles, including sesamoids; (4) cases of bipartition; (5) structural alterations 


associated with deformities such as talipes The first four of these types will be discussed 


in this study 


I. EXTENSIVE ANOMALIES T 


extensive carpal or tarsal involvement is found associated with those long-bone 
deficiencies which have been classified by the present writer as the “paraxial hemi- 


melias”’ ** and which have been described in detail elsewhere ™, In brief, radial hemi- 
he Birmingham Revision ® (1933) of the Basle Nomina Anatomica (1895) is used throughout this 
paper The following list gives the names of the carpal and tarsal bones (the original BLN A. terms are 
given in parentheses when they differ from the Birmingham Revision): seaphoid (naviculare), lunate, tri- 
quetrum, pisiform, trapezium (multangulum majus), trapezoid (multangulum minus), capitate, hamate, 
talus, calcaneum (caleaneus), navicular, medial (primum), intermediate (secundum), and lateral (tertium 
cuneiform bones, cuboid. In regard to the BLN A., it may be pointed out that the use of the term naviculare 
in both carpus and tarsus is clearly inadvisable, and that the terms multangulum majus and minus are 
unnecessarily cumbersome and do not lend themselves to the formation of compounds. It should be remem- 
hered that the B.N.A,. is officially a Latin nomenclature and that translations of it are arbitrary. The carpal 
and tarsal names of the Jena Nomina Anatomica (1935) are almost identical with those of the B.N.A. 
Although human terminology may frequently not be suitable for application to comparative anatomy, 
the suggestion ®! that a “morphologieal terminology’ should be used is practicable only through adoption 
of a standardized scheme of homolog Ss) as agreement on such schemes Is lacking the use of such terms in 
human anatomy would lead to even more confusion than hitherto 

In the carpus the seaphoid, lunate, and triquetrum are generally homologized with the radiale (together 
with «a centrale), intermedium, and ulnare, but other suggestions are not wanting: thus the lunate, tri- 
quetrum, and pisiform are homologized with a centrale, the intermedium, and ulnare. No agreement has 
evel heen reached concerning the pusiiorm The distal carpals are homologized with carpalia | to 5, the 
hamate representing 4 and 5, and the capitate possibly including a centrale. In the foot, Wood Jones * 
followed the older scheme of homologizing the talus, os trigonum, and caleaneum with the tibiale, inter- 
medium, and fibulare; the navicular with a centrale, and the ecuneiforms and cuboid with tarsalia | to 5, 
the cuboid representing 4and 5. Aecording to more recent speculations, the os tibiale externum is homologized 
with the tibiale; the talus with the intermedium together with one or two centralia; the caleaneum with 
the fibulare and a pisitorm or a postminimus ”’ and perhaps with a centrale; the navicular with two 
centralia; the cuneiforms and cuboid with tarsalia | to 5, the euboid representing either 4 (the os vesalianum 
then perhaps representing 5) alone rdandsS These bd culations are eited for interest and because clinicians 
are fond of citing them; the writer refrains from any comment on their justification or value. 


ft Membral teratology is a subject with an ancient heritage. Hexadactylia is mentioned in the Bible 
Samuel (Kings): xxi, 20). Pliny | Natural History, Book XI, NCIX (par. 244)| referred to a Roman poet 
and to two daughters of a Roman noble who had hexadactylia. Scipio Africanus is said to have had hereditary 
hexadaetylia ®, but this requires verification. St. Mark had some form of brachydactylia ®. A,subjeet with 
symphalangia deseribed by Drinkwater was descended from John Talbot, First Karl of Shrewsbury, who 
died in 1453 and who was exhumed in IS74 and was found to show the anomaly. 


** Some brief explanations of terms may be he plul. Teratology, a term introduced by Isidore St.-Hilaire ® 
(1805-1861), is the science of congenital anomalies. Teratogenesis refers to the mode of development of 
congenital anomalies. Anoma/y, malformation, defeet, deformity are used svnonymously for developmental 
deviations from the “normal”. AYmonster is a highly deformed embryo or toetus. Congenital means present 
at (or before birth Heredit wy anomalies are not nece ssarily congenital, and congenital anomalies are not 
necessarily hereditary 

(Continued on page 627) 
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hia 
examples ol carpi [5] |4) [3] 


anomalies, 
a shows typical carpus in radial 
hemimelia (absence of the radial side ‘ & 
of forearm and hand). The radius, a 

scaphoid, trapezium, first metacar- 

pal, and thumb are absent. The ulna ae 

lunate (L), triquetrum (7q), RADIAL HEMIMELIA 


pisiform (P trapezoid (Td , Capitate 
(C), hamate (/7), and second to fifth 
metacarpals and fingers are present. 


Note the radial deviation of the + \» 3 DL 

ulnar side of limb) Type I, with <a\ [> 


double radial hemimelia (neither 

ulna has a radius), and single index ~ ey 
finger. Note that the same bones are VRv®Q 

absent as in the preceding case, but “* 
that the bones present in the pre ced b c (ul lu] Aa 
ing case are duplicated here and are U U U U 


Tene IL, with ULNAR DIMELIA ULNAR DIMELIA 


double radial hemimelia, as above, Type | Type il 


and duplication of the index finger 


Kia. | 


melia (Fig. 1, a) tends to be accompanied in more than SO per cent. of cases by absence 
of the scaphoid-trapezial-metacarpal-pollical complex, whereas the lunate, trapezoid, 
second metacarpal, and index finger are present in more than 85 per cent. In ulnar hemi- 
melia the pisiform and hamate (and frequently the triquetrum and capitate) and some 
of the ulnar metacarpals are generally absent. In tibial or fibular hemimelia, individual 
tarsal and most of the metatarsal bones are more frequently present than absent, but 
nevertheless deficiencies are Common. 
In intercalary defects the parts proximal and distal to the affected area are not nee- 
essarily involved. Thus in phocomelia the digits may be surprisingly normal, but carpal 
fusions are common “!!°; incidentally, tarsal fusions are frequent in’ both tibial and 
fibular hemimelia. Interealary radial hemimelia is a peculiar condition in which an inter- 
calary defect occurs on the radial side of the wrist. Generally there is a radiostyloid 
deficiency accompanied by underdevelopment or failure of the seaphoid-trapezial- 
metacarpal complex; in some cases there is a “floating thumb’’, that is, a thumb attached 
to the hand by soft tissues only. Two rare cases of carpal aplasia with antebrachial and 
metacarpal hypoplasia have been deseribed recently °. 
Extensive carpal or tarsal anomalies may also be found in such polymelic conditions 
as double foetus, svmmelia, and partial limb duplications. In ulnar dimelia (Fig. 1, 6 
and ¢), for example, there is generally mirror-image duplication and an accompanying 
double radial hemimelia, that is, neither ulna has a radius. Details of these and similar 
rare conditions, as Well as a discussion of the teratogenesis, have been recorded elsewhere 
by the present writer “ 
Il. FUSIONS 


By fusion is here understood the coherence of normally adjacent structures. The term 
fusion is retained, despite a confusing wealth of suggested alternatives, until more is 


(Continued from page 626) 

In hemimelia the distal portion of a limb is absent. When only one side of the distal part is absent 
(“paraxial hemimelia’’) the hemimelia is named (radial, ulnar, tibial, from the missing portion 
In interealary radial hemimelia, only the middle, as opposed to proximal and distal, part of the radial 
side of the distal portion of the limb is deficient. Phocomelia is an intercalary condition in which, although 
the hands or feet are present, there is little evidence of the proximal parts of the limb. In dimelia (polymelia) 
a limb or the major part of a limb is duplicated. When only one side of the distal portion is doubled the 
dimelia is named (for instance, ulnar) from the duplicated part. In symmelia the lower limbs appear fused 
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hig. 2: Scheme of right « pus, anterior aspect 
showing some recent cases ol carpal coherence The 
name of the author reporting the case and the date of 
publeation are pl reed bCrOss the fused bones ith 
each Case 
Fig. 3: Scheme of the right tarsus, superior aspect 
showing some recent causes ol tarsal coherence The 
name of the author and date of public mtion are A 
placed ACTOSS the fused hones in em h cnse 


known concerning how such unions or non- 


separations arise.§ TARSAL FUSIONS 


Fusions have been found: in’ almost Fie. 3 
every possible combination in the carpal * yes 
and metacarpal region (Fig. 2), and in the corresponding portion of the foot (Fig. 3 
They occur in other regions also, in vertebrae (cervieal sacrum ”’, for example, as in the 
Ktippel-Feil syndrome), or in the sacro-iliac joint (Naegele and Robert pelves). Carpal 
and tarsal fusions are associated sometimes with hereditary symphalangia 2.5.9! 108,112,128 

Hereditary mass carpal and tarsal fusions have been recorded 

\ number of reviews and collective reports of carpal fusions have been published °* 
67.70.10 "The most common carpal fusion is the lunate-triquetral (os lunatotriquetrum), 


N According to a theory which seems to stretch the rule of restoration of norms too tar, in the event 
of absence of one element, a contiguous structure forms both parts. The present writer inclines to the view 
that, mn « irpal or tarsal fusions, there is probabi an absence ol joint cavitation in the embrvo ** and a 
chondrifieation of the joint “interzone’’, So-called ormalfeonstant embryonic articular fusions the 
human ™ are probably artefacts ® Embryonic tarsal fusions |S have not been described adequately. Probable 
anomalous fusions have been found in isolated instances, as of the « apitate and third metacarpal in the new- 
born @®, ealeaneonavicular fusion in a twenty-five-millimeter embryo and talocaleaneal in a sixtv-millimeter 
embryo interphalangeal fusion*at ten months ®and, between the dorsal parts of the trapezoid and third 
metacarpal in a 170-millimeter foetus by the present writer. The normal fusions which oceur constantly 
between such structures as the embryonic human scaphoid and centrale, or between the scaphoid and 
lunate in many mammals, may provide a guide to the embryology of anomalous fusions. The middle and 
distal phalanges ot the filth toe, which are often fused in the adult, have been found fused in the foetus 
The possibilits ol postrat il pathological fusions should be remembered: in one case a woman who hed 
tuberculosis olf the left talonavicular and cuneonavicular Joints at the age of eleven vears showed a pertect 
talonavieular fusion at the age of twenty-two The production ol tusions mn experimental embryology 
is outside the se ope ol this paper 


According to one writer * ‘the trapezoid and navicular have been found fused once but no example 
of this anomaly was found {in this series].’’ A case of coherence between the scaphoid and trapezium ! 
has been quoted incorrectly is an example ol scaphoid-trapezoid fusion. 
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a 


first observed by Soemmering ™. It 

Was seen once in 743 wrists (0.13 per @ 
cent.) by the present writer (in the ¢ 

same serics there were two thistances 

of capitate-hamate fusion, and two 


of trapezium-trapezoid fusion, that FIBROUS BAR catc® PROCESS 
is, a total of five cases of fusion, 0.7 


per cent.). Other workers have found 


e 
three cases of lunatotriquetral fusion b FC 
in about 2,100 wrists, per cent.”’, 
and four cases in 5,000 carpal roent- — 


genograms, 0.08 per cent.! It has a 
higher incidence in negroid peoples, CARTILAG. BAR NAVIC® PROCESS 
however (forty cases in GSO West 
Africans or 6 per cent.!®"); and a 


number of writers have remarked on © 
racial variations. It may be bilateral e 
or unilateral, occurring on the right ™ 


or left side, and is commoner in 
males. There is generally a distal OSSEOUS BAR Sect cance 


groove between the bones cases GANEONAVICULAR VARIATIONS 


lunatotriquetral fusion, but cases 
hia. 4 


without a groove (a description ol 

° Variations at the site of the caleaneonavicular bar (modi- 
dissected specimens has appeared : fied from Seddon). On the left side the ealeaneum and 
or With a proximal groove occur also navicular are represented as united respectively by a, fibrous; 
4, cartilaginous and ¢, bony tissue. On the right side are 
snown d, a prominent process on the ealeaneum; ¢, prom- 
tut the site ol the epit riquet rum sug- Inent process on the navicular; and f, a separate calcaneona 

vieular ossicle (ecaleaneum secundarium 
gests that this accessory element In a similar way a talocaleaneal bridge or a free ossicle 
probably plays no part in the forma- (os sustentaculi) may occur between the talus and the sus- 
: tentaculum tali of the caleaneum 


The lrequent existence of this suleus 


tion of this condition 

Certain types of tarsal fusion 
have, since the work of Slomann!®:!“, been recognized to be of considerable clinical impor- 
tance. The condition commonly called ‘peroneal spastic flat-foot”’ is generally due toa 
talocaleaneal or a calcaneonavicular fusion, infrequently to a tarsal arthritis 
talocaleaneal bridge occurs between the body of the talus and the posterior end of the 
sustentaculum tali, at the site of the os sustentaculi. A caleaneonavicular bar (probably 
first discussed by Cruveilhier in the 1830's °*) occurs between the anterior end of the 
caleaneum and the lateral end of the navicular. The bar may be fibrous, cartilaginous, 
or OSSCOUS ire ta, b, and ¢); alternatively, an exaggerated projection may be found on 
either the caleaneum or the navicular (Fig. 4, ¢ and e), or an accessory ossicle (caleaneum 
soso (Fig. 4, f) may be found at the site!. Special oblique projections of the 
foot are required for an adequate roentgenographic demonstration of these conditions. 
Arthritic lipping at the superolateral edge of the head of the talus (presumed to be sec- 
ondary to limitation of movement at the talocaleaneonavicular joint) is a roentgenographic 
indication to examine oblique views of the foot for tarsal anomalies. 

ACCESSORIA 

Although Vesalius “ in 1543 had illustrated in his Fabrica the inconstant bones since 
called after him, little attention had been paid to the accessory ossicles until the detailed 

** A number of authors '7!54537,6565105"8 since Pfitzner have suggested that an accessory element may 
play a determining rele in the deve lopment of fusions. Fusions between the third metacarpal and trapezoid 


‘may occur through the styloid or otherwise and may be either bony or cartilaginous” 27, 
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studies of Gruber, Thilenius, Pfitzner, Dwight, and Grumbach were made in the last 
hundred years. Pfitzner’s monumental work was marred, however, by his dominant theme 
of endeavoring to consider each inconstant bone as a primitive ossicle of evolutionary sig- 
nificance ®"'; remnants of such outmoded concepts and others of # similar nature can be 
found in the majority of present-day reports of anomalies. * A review of the literature 
soon leads to the conviction that in the present state of knowledge the accessory ossicles, 
like the carpalia and tarsalia themselves, are better called by names connected with their 
position or shape (however fanciful) than by ‘morphological’? terms overloaded with 
speculative evolutionary overtones. To refer to an ossicle as the “epitriquetrum”’, for 
example, is a relatively innocuous procedure, whereas to call the same ossicle by the highly 


‘ ‘ 


‘scientific’? sounding name “centrale 4’° immediately involves the writer in a carpal 
theory, and a very unsubstantiated theory. It is to be stressed that the terms selected 
here for the accessoria are as far as possible intended to be positional in significance and 


must not be veiled with far-reaching implications. The accessoria are “‘ primarily an onto- 


genetic problem” ”.¢ The accessory ossicles, “although they illustrate no phylogenetic 
principles . . . do make evident the ontogenetic truth that prominent outgrowths of 
individual bones often tend to hay a separate centre of development and, as Dwight 
says, they show ‘the readiness of the elements of the tarsus to change their shape ac- 
cording to the circumstances’’’ 

It is well known, however, that in the case of a very few of the accessoria a bone in 
a similar situation is found as a more constant element in certain comparable animals. 
The significance of these findings is nevertheless very obscure and much further compara- 
tive work, particularly embryological studies, remains to be accomplished. A centrale, for 
instance, is found as a separate bone in the carpus of the lower catarrhines; in the gibbon 
and orang it fuses with the scaphoid in old age, and in the chimpanzee it fuses at about 


the time of birth *%. In the human embryo a mesenchymal condensation appears at the 


site of the centrale and fuses with the scaphoid condensation. The positional similarity 
and fusion pattern suggest that there is in some sense a correspondence between these 
centralia of the primates which is technically referred to as “homology”. Homology in 
its original and only satisfactory meaning (an excellent discussion of this subject has 
been published "') of essential structural similarity can thus be applied correctly in tera- 
tology; for example, well developed fingers in a sacrococcygeal teratoma ™ or a digit 


above and behind the caleaneum * are homologous with normal digits. 

‘The majority of authors agree that these bones are to be considered as rudimentary elements in- 
herited from the lower animals.’ © Apparently then the majority of authors are still unaware of the hazards 
of basing phylogenetic speculations on teratological observations. ‘Such loose speculations can only serve 
to bring morbid anatomy into discredit’ ™. To refer to a human accessory ossicle as ‘“‘the atavistic first 
ray”, or “a vestigial pisiform digit’’, or “the remainder of the seventh ray’’, for example, is surely not 
warranted in the present inadequate state of available knowledge; the tibiale externum, paracuneiforme, 
cuneometatarsale 1 tibiale, and cuneometatarsale I plantare have all been claimed to be a “prehallux”’! 
Furthermore, the genetic fallacy is almost invariably invoked regarding supposed “reversions’’, as indicated 


by Dwight *: “To point out the animal in which a certain anomaly is normal has been too often offered 
as an explanation’’. Thetgenetic fallacy is also frequent in discussion on heredity: “the use made of the word 
‘heredity’ often shows that our contemporaries are as ready as were any of their forefathers to rest content 


with mere words and phrases’ 7.) Whereas “it must be evident that to ascribe any condition normal ot 
abnormal to a gene or a mutation is the beginning, not the end of a problem” ”. Other instances of careless 
or meaningless wording could be multiplied indefinitely. A number of writers imagine that “evolution” is a 
cause, for example. Sesamoids are caused by “phylogeny ’’,? and the presence and development of the patella 
is due to “phylogeny and phylogeny alone” ™, whatever that may mean! A recent book on the accessoria '* 
is packed with similar absurdities. Writers should acquaint themselves with recent views on so-called re- 
capitulation ©, On such topics we sympathize with Mark Twain: “There is something fascinating about 
science. One gets such wholesale returns of conjecture out of such a trifling investment of fact.” 


| It is not proposed to discuss here the embryology of the accéssory elements. A number of the carpal 
accessoria have been found in serial sections of early human embryos by the present writer (thus confirming 
the work ol Thilenius . The significance ot these e ibrvonie condensations i “very obscure” 49. It has 
been held (one writer!’ does not agree) that the s:cessoria (including sesamoids) are more frequent in 
embryonic life; only the marginal digital sesamoids are those commonly encountered postnatally. The 
possibility of a postnatal or pathological origin ''* or both in some instances has to be kept in mind, such as 
heterotopic ossification in synovial tags @. “There is reason to emphasize . . . that one and the same type 
of accessory bone need not have the same genesis in different individuals” ", 
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CAP. CAP. CAP. 
METACARP. PROC. CAPITATE PROC. TRAPEZOID PROC. 
M.C.3 M.C.3 
° 
a 
T° 
CAP. CAP. 
OS STYLOIDEUM "BILOCATION’ 
METACARPOSTYLOID VARIATIONS 
Fig. 5 


Variations of the processcs stvloideus of the third metacarpal bone. The third metacarpal 
(M.C.3) stvloid process (black) is an integral part of the metacarpal in 94 per cent. of cases (a). 


It may be found, however, as (4) 4 portion ol the capitate m3 5 per cent., as (¢) a portion of the 
trapezoid (7d) in 0.5 per cent., or (d) as a free ossicle (os stvloideum) in 2 per cent. In some 
causes & separate ossicle may occur together with a distinet process (on the third metacarpal, for 
example, as ine) in the one hand 


The accessory ossicles of the foot have been defined in the following terms ''*: 


* Accessory bones are all inconstant, independent, well-defined bones —in an other- 
wise normally developed foot— the existence of which is not due to a recent minor fracture 
or other definitely pathological condition, no matter whether these bones bear no, or a 
less Or more intimate relationship to the constant bones, or entirely replace them because 
of a division of the latter into several segments.” 

Certain of the accessory tarsal ossicles are commonly referred to as sesamoids, but 
the difficulty arises of deciding what is a 
Scholder in a passage which may be translated as follows: A skeletal (fibrous, cartilagi- 


‘ 


“sesamoid”’ bone. A sesamoid was defined by 


nous, or osseous) part, with or without an articular surface, developed in the thickness 
of a tendon, at its site of reflexion, in the neighborhood of a joint, not being a part of the 
primordial skeleton, but representing a recent functional acquisition, which sometimes 
has not yet become a constant element, of absolutely determined form, 

There appears to be some evidence, however, that some of the bones commonly 
called sesamoids are developed (perhaps ontogenetically) in joint capsules and obtain a 
secondary attachment to tendon **. Pfitzner’s definition '* of a sesamoid as a bone which 
cannot be classified into any other appropriate category but which belongs to an anatomi- 
cal lumber room has much to recommend it! Accessory bones will be taken here to include 
sesamoids; bipartite bones will be dealt with in a subsequent section. 
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hig. 6: Scheme of accessory carpal ossicles 
Palmar aspect of the right hand; the more dor ~ 
A 


sally situated ossicles are shown in’ broken 
outline. From this diagram the names of the 
ossicles in a given region of the hand can be 
determined: the de seriptions olf these ossicles 
provided in the text may then be used as a 
guide in the differential diagnosis of a given case 


big 7: Scheme of accessory tarsal ossicles, 
dorsal aspect of the right foot; the more plantar- 
situated ossicles are shown in broken outline 


From this diagram the names of the ossicles in 


t given region ol the foot ean be determined: TARSAL ACCESSORIA 


the descriptions of these ossicles provided in the 
text may be used as a guide in the differential hic. 7 


diagnosis of a given case 


\ peculiar characteristic of at least some accessory ossicles deserves wider recognition ; 
this was deseribed by Dwight as the occurrence of an ossicle in two places at one time 
Thus the os styloideum, for example, is found as a free element in the absence of the 
styloid process of the third metacarpal; but it may, in another case, be found as a free 
element in association with a well developed metacarpal styloid process (Fig. 5). Similarly 
it may occur in the same hand as a process on both the metacarpal and the capitate. 
Hence the os st vloideum occurs either as the styvloid process or merely at the st yloid proc- 
ess. A number of Dwight’s examples of what we shall here term “bilocation”’ have been 
seen by the present writer in the Warren Museum, Harvard University Medical School. 

It should be stressed also that the accessory ossicles may occur either bilaterally or 


10 


unilaterally (in the foot they may occur more often unilaterally '), and can undergo 
fracture and pathological changes. 

The writer has had the opportunity of examining for congenital anomalies 745 
routine roentgenograms of the adult carpus made at the Detroit Memorial Hospital 
(nine others were discarded as grossly pathological, and one other film showed a case of 
cleft hand). The possible instances of accessory ossicles totaled forty-five (6 per cent.). 
As quite a number of these cases were very likely traumatic in origin, the incidence of 
accessory carpal ossicles is considerably smaller, and not more than twelve cases (1.6 
per cent.) were regarded as above suspicion; similarly another worker found 0.4 per cent. 
in 1,452 subjects *. This is in striking contrast with accessory tarsal ossicles of which inei- 
dences varying from 25 per cent. to 75 per cent. have been reported. 

A number of reviews and collective reports of the accessory carpal ossicles have 
been published in English 777%? More than twenty types have been differentiated 
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(Fig. 6). An unusual hereditary series of carpometacarpal ossicles has been traced through 
six generations”. In the following notes an attempt has been made toward standardizing 
the terminology of the accessoria in agreement with the nomenclature for carpal and tarsal 
bones of the Basle Nomina Anatomica, the Birmingham Revision, and the Jena Nomina 
Anatomica (other terms, considered less desirable, are placed in parentheses). ‘The two 
eponymous ossicles (Gruber, Vesalius) have not yet been renamed. The ossicles will 
be arranged alphabetically, since the writer does not favor the groupings of either Pfitzner 
or Thilenius. The insertion of an ossicle in this list should not be taken as implying the 
belief of the present writer in the congenital and non-traumatic nature of any given 


element.* 
Ossa carpalia accessorva et sesamoidea 


Os capitatum secundarium: at the dorsal distal ulnar angle of the capitate, between 
the capitate, hamate, and the third and fourth metacarpals. 

Os centrale (dorsale): a dorsal ossicle between the scaphoid, capitate, and trapezoid 
(the existence of a palmar centrale is doubtful). Almost constant in the human embryo of 
seventeen to forty-nine millimeters, it generally fuses with the dorsal distal ulnar side of 
the scaphoid. It does not constitute all of the seaphoid distal to the waist, as has been 
claimed ®°, and a separate centrale is therefore a condition distinet from bipartite scaphoid, 
It has been suggested that in some few cases the centrale may fuse with the capitate or 
trapezoid *7, or that it may degenerate or form an area of fibrous or cartilaginous tissue 
A well developed centrale may form a projection on either the scaphoid " or the capi- 
tate". A notch is frequently seen roentgenographically on the lateral side of the capitate; 
it has been called the canalis dorsopalmaris carpi (lateral interearpal space 77) and is 
believed to be the site of a centrale @°, although it has been attributed also to incomplete 
fusion of two capitate centers |! 

Os epilunatum: at the dorsal distal radial angle of the lunate, between the seaphoid, 
lunate, and capitate. It is said to fuse with the scaphoid occasionally 77, and it is claimed 
that there is usually a notch on the normal seaphoid indicating its site 4”. 

Os cpitrapezium: on the dorsal surface of the trapezium next to the scaphoid 

Os epitrapezoideum (os trapezoideum dorsale): Pfitzner used this term for the greater 
part of the dorsum of the trapezoid. (See also under bipartition. ) 

Os epitriquetrum (os epipyramis): at the dorsal distal radial angle of the triquetrum, 
between the lunate, triquetrum, and hamate (‘medial intercarpal space” 77), Pfitzner 
does not represent the epitriquetrum as meeting the capitate. (See also hypotriquetrum. ) 

Os grubert: a very rare palmar ossicle between the capitate, hamate, and the third 
and fourth metacarpals. 

Os hamulare basale and os hamuli proprivm: at the hook of the hamate (it may occur 
associated with a well developed hook **). Two ossicles have been illustrated ** in this 
region-one at the base of the hook and one belonging to the hook proper. 

Os hypolunatum: at the palmar distal radial angle of the lunate, between the scaphoid, 
lunate, and capitate. 

Os hypotriquetrum: This term was suggested by the present writer 7” to denote a 
palmar ossicle in the same interval as the epitriquetrum. Only one definite case “ seems to 
have been described. 


Os interphalangeale (see under interphalangeale of the foot). 


* Ossicles at some sites are of very doubtful “normality ’’, and certain ossicles are so rare as to preclude 
reaching a conclusion sat the present time. it is possible that ossicles may yet be discovered at new sites 
there are still a number of places where they have not yet been found, for instance between the scaphoid 
trapezium, and trapezoid. Similarly, in the case of the foot, another intercuneiform may yet be found between 
the navicular, intermediate, and lateral cuneiforms 27 
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Os metastyloideum: « dorsal ossicle between the trapezoid, capitate, and third meta- 
carpal styloid process. It may be free or fused with one of its neighbors 2. 

Os parastyloideum: « dorsal ossicle between the trapezoid, second metacarpal, and 
third metacarpal stvloid process 

Os paratrapezium: at the distal radial angle of the trapezium next to the lateral side 
of the first metacarpal base. An unusual case has been published recently °°. 

Os pisiforme secundarium (os ulnare antebrachil): proximal to the pisiform, in the 
flexor carpi ulnaris tendon. This is believed to articulate with the triquetrum. Note 
that the pisitorm may have two ossific centers * 

Os practrapezium: «a palmar ossicle at the distal end of the crest of the trapezium. 
\n unusual case has been published recently *° 

Os radiale externum: at the tubercle of the scaphoid, next to the trapezium. A bi- 
lateral scaphotrapezial ossicle, in a boy aged fifteen, which fused with the seaphoid one 
vear later has been described *. The “externum” of the radiale externum and ulnare ex- 
ternum presumably means lateral and medial, respectively. 

Os radiostyloideum: This name may be used for an ossicle of very doubtful origin *:®. 

Ov scaphoideum brpartitum (see under bipartition). 

Os sesamoideum interphalangeale and metacarpophalangeale: These ossicles are outside 
the scope of this paper 

Os styloideum: a dorsal ossicle (Fig. 5) between the trapezoid, capitate, and the second 
and third metacarpals. Apparently its recognition, by Saltzmann, dates back to 1725 ™, 
It may occur associated with a well developed third metacarpal styloid process (as qan 
be seen in some of Dwight’s specimens at Harvard University). The third metacarpal 
stvloid process was found to be a part of the third metacarpal in 94 per cent. of one series, 
but may be a part of the capitate (3.5 per cent.), or trapezoid (0.5 per cent.), or it may 


(7; the process on the third metacarpal commonly does not 


be a free ossicle (2 per cent 
articulate with the trapezoid but may do so occasionally. 

Os subcapitatum: a palmar ossicle bet ween the trapezoid, capitate, hamate, and third 
metacarpal. This was found by Dwight 

Os trapezium secundarium: at the distal ulnar angle of the trapezium, between the 
trapezium, trapezoid, and the first and second metacarpals. 

Os trapezoideum secundarium: « dorsal ossicle between the trapezium, trapezoid, 
and second metacarpal; regarded as part of the second metacarpal base. 

Os triangulare (os intermedium antebrachil, os triquetrum secundarium): between 
the distal end of the radius, ulnar styloid process, lunate, and triquetrum. It presents 
a variable and complicated relationship to the articular dise “7, This ossicle may be 
very difficult to distinguish from a fractured ulnar styloid process, and some cases to 
which the term triangulare is applied are probably examples of an ulnostyloid. One 
author * acknowledged it only when the ulnar stvloid was not deformed; he attributed a 
7 “ot may wander 
towards and beyond the tip of the [ulnar] stvloid’’ and be confused with a secondary 


long ulnar styloid to fusion with the triangulare. According to Dwight 


pisiform. The triangulare is common in the human embryo; it is said to “disappear” or 
unite with the ulnar styloid process or become a part of the articular disc. 

Os ulnare externum: a term of questionable merit given to an ossicle between the 
triquetrum, hamate, and pisiform *, or the triquetrum, hamate, and tubercle of the fifth 
metacarpal 27. In a recent case “ it occurred on the medial aspect of the triquetrum. 

Os ulnostyloideum: A separate ulnar styloid process is difficult to distinguish from 
a fracture, but an accessory ossifie center for the ulnar stvloid occurs occasionally ™. 
It is said that the ulnostvloid includes the triangulare ™. 

Os vesalianum (os vesalii) manus: between the hamate and the fifth metacarpal, 
at the ulnar side of the metacarpal tubercle. It may occur in association with a well 
developed tubercle 7); one writer “ claims that it is an atypical hamate ossification, but 
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his case would probably be ealled ulnare externum by many workers. Vesalius apparently 
regarded it as a normal sesamoid !'4-*, 

Considerably more study has been given to the accessory tarsal ossicles, about thirty 
of which have been differentiated (Fig. 7). A number of reviews or collective reports have 
been published in English 54.96, discussion of the clinical sympto- 
matology of the tarsal accessoria may be found in Marti 


Ossa tarsalia accessoria et sesamoidea 


Caleaneum accessorium: at the peroneal tubercle (processus trochlearis, Basle Nomina 
Anatomica) of the caleaneum, below the lateral malleolus. An ossicle (referred to as os 
talocaleaneus) on the lateral aspect of the talus and caleaneum, deep to the peronaei, has 
been described in a child talocaleaneare laterale 

Calcaneum Inpartitum (see under bipartition). 

Calcaneum secundarium: dorsally, at the anterior and medial edge of the caleaneum, 
between the talus, caleaneum, navicular, and euboid (Fig. 4), at the site of the eal- 
caneonavicular bar and where an occasional articulation is encountered It may 
occur in association with a well developed process on the caleaneum ™. It has been main- 
tained © that the secondary caleaneum may be found in increasingly plantarward situa- 
tions, and may become indistinguishable from the secondary cuboid. The secondary 


calcaneum is said to have been found in a mummy from Thebes ©. The term “secondary 
caleaneum”” has also been used for the front of the sustentaculum: tall. 

Os aponeurosis plantaris: in the plantar aponeurosis near its origin from the medial 
tubercle of the caleaneum. Caleaneal spurs are common near the tubercle. 

Os cuboideum secundarium: « plantar ossicle between the talus, caleaneum, navicular, 
and cuboid. It is said to be fused more frequently with the navicular than with the 
cuboid *7. There is, however, some doubt whether it has vet been seen completely free *. 

Os cuneiforme mediale bipartitum (see under bipartition). One writer ‘, however, 
refers to “an extra bony piece found in the plantar surface of the [medial! cuneiform” 
as ‘division of first cuneiform”’. 

Os cuncometatarsale I plantare (pars peronaea metatarsalis 1): at the plantar proximal 
lateral corner of the first metatarsal base (impression for peronaeus longus). 

Os cuneometatarsale 1 tibiale: medially, near the first cuneometatarsal joint. 

Os cuneometatarsale 11 dorsale: dorsally, near the second cuneometatarsal joint. 

Os cuneonaviculare: (naviculocuneiforme) dorsale (os infranaviculare, os para- 
cuneiforme 1): dorsally, near the medial part of the cuneonavicular joint. 

Os in sinus tarst: in the sinus tarsi. 

Os intercuneiforme: dorsally, in the angle between the navicular and medial and inter- 
mediate cuneiforms; apparently it is a part of the intermediate cuneiform, on whieh 


bone there is often an “intereuneiform fossa” 

Os intermetatarsale [ (os intermetatarseum): at the dorsal distal lateral corner of the 
medial cuneiform, between the first and second metatarsals. It is usually fused with one 
of its three neighbors, but it may be free. It has been suggested that it is a form of poly- 
dactvlia (Compare a case of lateral cuneiform with three metatarsals in a hexadacty1 
foot ©; and a case of bony spicule from the medial cuneiform, medial to the first meta- 


tarsal “'). Others regard it as an ossification in the tendon of the first dorsal interosseous 


musele, and it may appear as a metatarsal spur. Apparently there are different types ”. 
A large specimen has been recorded recently ® 

Os intermetatarsale TV: in the fourth intermetatarsal interval. A case suggestive of 
polvdactvlia has been deseribed 


“Tt the attitude of Vesalius toward variability is frequently influenced by ‘a Galenic brand of tele 
ology?!) the subsequent use of the word “teleology” alone by these authors in reference to this “brand” 
is surely unjustifiable. 
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Os interphalangeale: laterally, in the interphalangeal joint of the hallux. An inter- 
phalangeal ossicle in the thumb has been interpreted as a stage in pollical triphalangia ”. 

Os naviculare bipartitum (see under bipartition) 

Os paracuneiforme (os praecuneiforme): on the medial side of the cuneonavicular 
joint 

Os retinaculi: over the area of the bursa of the lateral malleolus. 

Os sesamoideum interphalangeal and os sesamoideum metatarsophalangeals : These 
ossicles are outside the scope of this paper 

Os se samorde um peronacum Os peronaeale, Os cuboideum aun ossicle 
occurring frequently in the peronaeus longus tendon, near the tuberosity of the cuboid, 
on either the lateral or the inferior side of that bone. It may be more closely in relation 
with the caleaneum **. The peronaeum may be present as several segments. Although the 
ossicle is said to have a frequeney of about 8 per cent., there is said to be a peroneal sesa- 
moid or fibrosesamoid in 99 per cent. of individuals, according to Lunghetti ''*. 

Os sesamoideum tibialis anterioris: in the tibialis anterior tendon opposite the facet on 
the anterior part of the medial surface of the medial cuneiform. This has been described 
In a recent report 

Os sesamoideum tilialis posterioris: in the tibialis posterior tendon. This ossicle is not 
likely to be detected roentgenographically in contrast to the tibiale externum., 

Os subfibulare: below the tip of the lateral malleolus. It may possibly be a sesamoid 
in the peronaeus longus tendon !! 

Ov subtibiale (Qalus aecessorius, talus secundarius): below the tip of the medial 
malleolus. It is seen mostly in children, and in many cases appears to be a malleolar 
epiphysis. The term ‘“subtibiale’’ has been used also for the os sustentacull. 

Os supratalare (talus secundarwus): on the dorsum of the talus between the ankle 
and talonavicular joints. It may be fused (‘‘trochlear process” of talus) or free. 

Os sustentaculi (proprium): at the posterior end of the sustentaculum tali of the cal- 
caneum (“suprasustentacular spine’), or at the site of the talocaleaneal bridge A 


talocaleaneal articulation may develop here '®. An ossicle has also been found at the front 
of the sustentaculum (see caleaneum secundarium 

Os talocaleancare laterale (see caleaneum accessorium ) 

Os talocaleancare posterius: at the (posterior) talocaleaneal joint. 

Os talonaviculare dorsale (os supranaviculare): a dorsal ossicle at the talonavicular 
joint. Osteo-arthritie outgrowths may occur in this region. The ossicle was known long 
before Pirie’s description of it (perhaps even as early as 1860"); the statement “ that it 
had escaped observation is incorrect. 

Os talotibiale dorsale: at the front of the ankle joint 

Os tendinis caleanei: in the tendo ealeaneus near its attachment to the caleaneum., 
Caleaneal spurs are common near this tendon. A digit at the back of the tendo caleaneus 
has been described 

Os tibiale externum (os naviculare accessorium or os naviculare secundarium): This 
was described by Bauhin in 1605”. “‘Tibiale externum” (the “externum”’ presumably 
means medial) is a term of questionable merit for an ossicle near the tibialis posterior 
tendon, near the tuberosity of the navieular. The ossicle is apparently not the posterior 
tibial sesamoid *!. It is said to be usually behind the tuberosity but occasionally medial 
toit;orit may be fused with it (os naviculare cornutum, scaphoide débordant). Instances 
of fusion have been followed roentgenographically ; histologically, fibrous or cartilaginous 
joints have been found between the navieular and the tibiale externum '. The ossicle 
may be in several segments. The tibiale externum may be associated with pain! A 
roentgenographically undetected cartilaginous tibiale externum mity also prove significant 
clinically Fracture of the navicular tuberosity is rare Despite the frequent occurrence 
of the tibiale externum and the extensive literature pertaining to it, no agreement has 
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been reached, and the multitude of theories concerning it show clearly the paucity of 
knowledge regarding the accessoria 

Os trigonum (os intermedium tarsi, talus accessorius, talus secundarius): recognized 
by Rosenmiiller ia 1804. At the posterior tubercle (lateral projection of the processus 
posterior, Basle Nomina Anatomica) of the talus. Its frequency is given variously as 
between 2.5 per cent. and 11.4 per cent. It may be fused with or it may articulate with 
either the talus or the caleaneum. It has to be distinguished from fracture of the posterior 
tubercle of the talus, the so-called “Shepherd's fracture’, which is rare. 

Os trochleae: on the lateral side of the plantar caleaneonavicular (‘‘spring’’) ligament. 


‘ 


The term ‘‘os trochleae”’ has been used also in reference to the peroneal tubercle (see 
under calcaneum accessorium) and for an ossicle or process on the dorsum of the neck 
of the talus (see under os supratalare). 

Os uncinatum (os unci): a plantar ossicle on the lateral cuneiform next to the third 
metatarsal. [t is said that it may appear as a hook-like process on the lateral cuneiform, 
or that it may be free. 

Os vesalianum (os vesalii) pedis: This name was given by Pfitzner to a rare ossicle 
which constitutes the tubercle of the fifth metatarsal. It is to be distinguished from a 
proximal metatarsal epiphysis, which is smaller, and from a fracture (the “dancing” 
fracture of Sir Robert Jones). Some have claimed (perhaps with insufficient justification ©) 
that the ossicle featured by Vesalius is a peroneal sesamoid or a metatarsal epiphysis; 
the original illustrations of the hand and foot in the Fabrica have been reproduced “. 
The vesalianum pedis has been the subject of much discussion ®*! and there is still 
confusion in regard to the differentiation and nomenclature of ossicles at the fifth meta- 
tarsal base. A roentgenogram of an atypical variant has been published recently “. 
Subcalcaneum (os subealcis, os tuberis caleanei): an ossicle near the postero-inferior 


end of the caleaneum. One case *’, attributed to epiphyseal fragmentation, was labeled 
“os tuberis caleanei’’ (Basle Nomina Anatomica). In another case’ the ossicle was 
situated more enteriorly, apparently near the origin of the plantar aponeurosis (com- 
pare the os aponeurosis plantaris). In a further case ® the ossicle was intermediate in 
location. 

Supracaleancum (os accessorium supracaleaneum): This ossicle appears to be re- 
lated to the posterior third of the superior surface of the caleaneum, between the ankle 


joint and the tendo calcaneus 


IV. BIPARTITLION 


The distinction between traumatic and non-traumatic division is frequently a matter 
of overwhelming difficulty. Although it was once maintained that most seaphoid fractures 
were developmental in origin, the other extreme of opinion must also be avoided, and the 
statement that “the os naviculare [manus] bipartitum is a fracture of the navicular which 
has healed with a pseudarthrosis” “ is rather brief, not to say dogmatic, for a standard 
roentgenological textbook of many volumes. 

The divided scaphoid (os secaphoideum bipartitum) is the best known of the divided 
carpals, although claims to congenital bipartition have also been made in regard to others, 
such as the triquetrum and the trapezoid. Indeed one of the earliest recorded cases (al- 


107 


though this was probably non-traumatic) was in the lunate '®’, and one writer ''! went so 


far as to claim that “any fearpal| bone may arise from two or even three centers to 
cause the formation of bipartite or tripartite bones”. Some of the accessoria, particularly 
the digital sesamoids, may be found in a multipartite condition. In the present writer's 
series of 745 roentgenograms of the carpus one instance (0.13 per cent.) of bipartite 
scaphoid was encountered, 

The subject of bipartite seaphoid and its literature is too extensive to be discussed 
in detail here. In summary we may say that, although most cases of divided scaphoid 
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are traumatic in origin, most workers concede that a few instances are congenital. This is 
supported by the finding * *? of a divided scaphoid at birth, suggesting development from 
two mesenchymal or cartilaginous centers (there seems to be no good evidence that the 
scaphoid is ordinarily formed from radial and ulnar elements, but Thilenius and some 
others have claimed that a bipartite development is usual; similarly, the finding of two 
ossific centers in the seaphoid seems to be a very rare occurrence). The division 1s generally 
across the waist of the bone. Bipartite secaphoid may occur with a free centrale '°, and it 
has been stated *? that this is a frequent association. 

Roentgenographically, criteria for bipartition which have been suggested are not 
very illuminating. The surfaces should have smooth, regular edges, a clear joint space, 
and show no arthritic changes; but congenital bipartite seaphoid may become arthritic. 
There should be a well formed cortex and cartilage-covered surfaces; but pseudarthroses 
are often cartilage-covered. The density should be normal and there should be no avascular 
necrosis; but a congenital bipartite seaphoid may fracture. Both congenital bipartite 
scaphoid and scaphoid fracture may be either unilateral or bilateral. The importance to be 
attached to absence of a history of trauma is disputed. 

Endocrine factors should always be remembered in bone anomalies. The condition 
known as hypothyroid epiphyseal dysgenesis is characterized by multiple foci, and such 
foei have been found in carpals and tarsals '; the present writer has seen a bipartite 
scaphoid in the hands of a cretinous woman aged twenty-nine years. A distinction should 
be made between calcified foci and multiple ossification centers “. 

It has been claimed that a number of the tarsal bones may occur in a bipartite state, 
as for example the caleaneum (caleaneum bipartitum) or the navicular (os naviculare 
bipartitum). The occurrence of more than one ossific center for the navicular is not in- 
frequent, but many cases labeled bipartite navicular (often associated with pain and flat- 
foot) seem to be instances of tibiale externum. The best known example of a divided 
tarsal bone is the medial cuneiform (os cuneiforme mediale bipartitum), the observation 
of which by Morel dates back to 1757 °'. The bone is found in dorsal and plantar parts 
which may be detected roentgenographically. The condition has been reviewed *. 

The similarity in development, if any, between bipartite and accessory ossicles has 
not vet been elucidated adequately. The same uncertainty applies in other regions also, 
as, for instance, in cases of bipartite parietal and sutural bones **. Bipartite lunate in a 
brother, aged nine, and sister, aged seven, has been described and one of the elements was 
regarded ®" as an epilunatum (just as some workers have considered bipartite scaphoid 
as a persistent centrale). But these eases had been diagnosed as “ questionable hypothyroid- 
ism” (a condition associated with multiple centers) and in another case “ of bipartite 
lunate in a child aged ten, fusion occurred a year later. On the other hand, accessory 
ossicles may fuse also; thus a case has been reported of scaphotrapezial nodule in a patient 
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aged fifteen, which fused with the seaphoid one year later 


SUMMARY AND CONCLUSIONS 


|. The carpus and tarsus are subject to the same types of anomalous development. 

2. Congenital anomalies may or may not be hereditary; they may be bilateral or uni- 
lateral; and they may undergo pathological changes. 

3. Teratological data are commonly misused for the fabrication of unsubstantiated 
phylogenetic speculations 

4. Four types of anomalies must be distinguished: (a ), extensive abnormalities; (b) 
fusions; (c) accessoria; (d) bipartitions 

5. Carpal absences are usual in the “paraxial hemimelias”’. Duplications and ab- 
sences are found in polymelic conditions (double foetus, symmelia, partial limb dupli- 


eation). 
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6. Congenital carpal or tarsal fusions may occur between almost any two elements, 
and probably arise as an absence of joint cavitation, and chondrification of the embryonic 
“interzone”’. Lunatotriquetral fusion is the most frequent type in the hand; its relation 
to an accessory Ossicle seems to be gratuitous. ‘Peroneal spastic flat-foot”” is generally 
due to talocaleaneal or caleaneonavicular fusion. 

7. Many accessory ossicles have been deseribed and a number have been found in the 
embryo. Postnatal pathological origins in some instances must also be kept in mind, 


however. It is not practicable at present to distinguish ‘accessory’ from ‘sesamoid” 


bones. Many accessory bones exhibit ‘‘bilocation”’’, that is, they may occur either at or 
as a process on one of the major elements. It is suggested that the terminology of the 
accessoria be standardized in agreement with current anatomical nomenclature. 

8. Although most divisions of bones are traumatic in origin, a few cases seem to be 
congenital. Bipartite scaphoid probably arises from two mesenchymal or cartilaginous 
centers, and the division is at the waist. Bipartite medial cuneiform is divided into dorsal 
and plantar parts. Endocrine factors may be operative in some cases of bipartition, as in 
hypothyroid epiphyseal dysgenesis, characterized by multiple ossifie foes. 

Nore: The author wishes to express his gratitude to Dr. James bk. Lofstrom, Professor of Radiology, 
Wayne University, for permission to examine the 743 roentgenograms at the Detroit Memorial Hospital, 
and to Dr. J. Tate, Professor of Greek, University of Sheffield, for his helpful advice on linguistic and gram- 
matical questions 


REFERENCES 


1. Arnens, W.: Cher die angeborene Synostose zwischen dem Os lunatum und dem Os triquetrum. Fortschr 
a.d.Geb.d. Rontgenst., 73: 772-774, 1950 

Austin, F. Ho: Symphalangism and Related Fusions of Tarsal Bones. Radiology, 56: 882-885, 1951 
Barvow, T. k.: Os Cuneiforme [ Bipartitum. Am. J. Phys. Anthropol., 29: 95-LLL, 1942 

BrerRMAN, M. 1.: The Supernumerary Pedal Bones. Am. J. Roentgenol., 9: 404-411, 1922. 
BIRMINGHAM Revision of the Basle Nomina Anatomien (Anatomical Society of Great Britain and 
Ireland). Glasgow, University Press, 1933. 


St 


6. BrscHorBercer, C.: Die symmetrische angeborene Aplasie der Handwurzel (angeborene Kurzhand) 
Zeitschr. f. Orthop., 80: 288 204, 1951 

7. Bizzaro, A. H.: On Sesamoid and Supernumerary Bones of the Limbs. J. Anat., 55: 256-268, 1921. 

8. Buoom, A. R.: Hereditary Multiple Ankylosing Arthropathy. (Congenital Stiffness of the Finger 
Joints.) Radiology, 29: 166-171, 1937 

9. Bocarr, F. Bo: Variations of the Bones of the Wrist. Am. J. Roentgenol., 28: 638 646, 1932 

10. Boyp, G. L.: Bipartite Carpal Navicular Bone. British J. Surg., 20: 455-458, 1933 

11. Boypesx, A.: Homology and Analogy. A Critieal Review of the Meanings and Implications of These 
Concepts in Biology. Am. Midland Naturalist, 37: 648 669, 1947 

12. vAN DEN Broek, A. J. P., et Barents, J. Wo: Absence des rotules et signification des os sésamoides 
Anat., 4: 54-59, 1947 

13. Brooke, R.: The Treatment of Fractured Patella by beexecision. A Study of Morphology and Function 
British J. Surg., 24: 735-747, 1937 

14. BUNNELL, STERLING: Surgery of the Hand. Nd. 2. Philadelphia, J.B. Lippincott Co., 1948 

15. Burman, M.S., and Lapipus, P. W.: The Functional Disturbances Caused by the Inconstant Bones 
and Sesamoids of the Foot. Arch. Surg., 22: 036-075, 1931 

16. BurRMAN, M.S., and Sinpers, An Anomalous Taloealeaneal Articulation: Double Ankle Bones 

Radiology, 34: 230-241, 1940 

Cave, A.J. b.: Fusion of Carpal Elements. J. Anat., 60: 460-461, 1926 

IS. CuamBers, ©. H.: Congenital Anomalies of the Tarsal Navicular with Particular Reference to Cal- 
caneo-Navicular Coalition. British J. Radiol., 23: 580-586, 1950 

10. DeBeer, G. Ro: Embryos and Ancestors. Revised ed. London, Oxford University Press, 1951 

20. DeLano, P. J.: Os Intermetatarseum: Unusual Variant. Radiology, 37: 102-103, 1941 

21. Drinkwater, H.: Phalangeal Anarthrosis (Synostosis, Ankylosis) Transmitted through Fourteen 
Generations. Proc. Roy. Soc. Med., 10 (Sect. Pathol.): 60-68, 1917 


22. Dunn, L. C.: Heredity and Development of Karly Abnormalities in Vertebrates. The Harvey Lectures, 


35: 135-165, 1940. Lancaster, Pennsylvania, The Science Press Printing Co., 1940. 

23. Duras, J., et P.: La Synostose pyramido-semi-lunaire. Etude Anatomique. Ann. d’ Anat 
Path. Méd.-Chir., 9: 335-339, 1932 

24. Dwicur, Thomas: The Significance of Anomalies. Am. Naturalist, 29: 130-135, 1895 


VoL 


35-A, NO 3. JULY 1953 


| 
a 
| 
Le 
| 


640 


RONAN O'RAHILLY 


Dwicut, Tuomas: A Separate Subcapitatum in Both Hands. Anat. Anz., 24: 2545-255, 1904 

Dwicur, Thomas: The Clinieal Significance of Variations of Wrist and Ankle. J. Am. Med. Assn., 47: 
252 255, 1906 

Dwiawr, Thomas: A Clinieal Atlas. Variations of the Bones of the Hands and Feet. Philadelphia, 
J.B Lippincott 

Dwiawr, Thomas: A Criticism of Pfitzner’s Theory of the Carpus and Tarsus. Anat. Anz., 35: 566-370, 

ANN, Po: Zur Bipartition des Lunatum. Radiol. Clin., 20: 65-70, 1951 

Forsrer, ANprRé: Considérations sur l’os central du carpe dans lespéce humaine. Arch. d’Anat 
d'Histol. d’ Eembryol., 17: 85-98, 1933 

Freep, and Stonopy, L. Bo: Symphalangism. A Familial Malformation. Am. J. Dis. Child., 
65: 550 557, 19438 

CGersr, bo. 8.2 Supernumerary Bones of the Foot A Roéntgen Study of the Feet of One Hundred Normal 
Individuals. Am. J. Orthop. Surg., 12: 403-414, Jan. 1914 

Gray, D. J, and Garpner, Ernest: Prenatal Development of the Human Knee and Superior Tibio- 
fibular Joints. Am. J. Anat., 86: 255 287, 1950 

CGiaemBpacnu, A.: Das Handskelett im Liehte der Roéntgenstrahlen. Wien, Braumiiller, 1921 

Ham, Bruno: Beobachtung einer neuen Form des Os intermetatarseum. Zeitschr. f. Orthop., 80: 
208 305, 1951 

HanpMAN, T. G., and Wicoper, 8. Bo: An Unusual Development of the Carpal Seaphoid. British J 
Radiol., I: 155-158, 1928 

Harris, R. 1, and Bearn, Tuomas: Etiology of Peroneal Spastic Flat Foot. J. Bone and Joint Surg., 
30-B: 624-634, Nov. 1948 

Haven, P. Po: The Fate of an Accessory Ossicle. British J. Radiol, 19: 518-519, 1946 

Hemerzueim, ANTON: Uber einen seltsamen Knochenbefund am Caleaneus. Deutsche Zeitschr. f 
Chir., 187: 281 285, 1924 

Hemerzueim, Anvon: Cher einige akzessorische Handwurzelknochen nebst ihrer chirurgischen 
Jedeutung. Deutsche itschr. f. Chir., 190: SS-96, 1925 

H., and von Ronnen, J. The Occurrence of Calcaneonavicular Synostosis Pes 
Valgus Contractus. J. Bone and Joint Surg., 32-A: 280-282, Apr. 1950 

Hiu., L. L.: Congenital Abnormalities ~Phocomelus and Congenital Absence of Radius. Surg., Gynec 
and Obstet., 65: 475 470, 1937 

Hinsentick, A. Bo: An Anomalous Tarsal Bone. J. Bone and Joint Surg., 33-A: 907-910, Oct. 1951 
Houtanp, C. To: On Rarer Ossifications Seen during X-Ray Examinations. J. Anat., 55: 235-248, 1921 
Houtanp, C. To: The Accessory Bones of the Foot with Notes on a Few Other Conditions. /n the 
Robert Jones Birthday Volume. A Collection of Surgical Essays, pp. 157-182. London, Oxford Univer- 
sity Press, 1928 

Izquirrpo, J Nouveau cas d’os intermédiaire de Vavant-bras. Arch. d’ Anat. d’ Histol. d' Embryol 
4: 483 486, 1925 

Jerum, N.: Os Intermedium Antibrachii. Acta Univ. Latviensis, 12: 419-4238, 1925 

JoactiMeTHAL: Ein weiterer Beitrag zur Lehre der Polydaktylie. Fortschr. a.d. Geb. d. Rontgenstr 
4: 112 113, 1900 

Jounston, Ho M.: Epilunar and Hypolunar Ossicles, Division of the Seaphoid, and Other Abnor- 
malities in the Carpal Region. J. Anat., 41: 59-65, 1906 

Jones, F. Woop: The Principles of Anatomy as Seen in the Hand. Ed. 2. London, Bailliére, Tindall 
and Cox, 1942 

Jones, F. Woop: Structure and Function as Seen in the Foot. led. 2. London, Bailliére, Tindall and 
Cox, LOA9 

Kanaven, A. Bo: Congenital Malformations of the Hands. Arch. Surg., 25: 1-58, 282-320, 1932 
Kewesen, L.: Cher hereditére Verschmelzung der Hand- und Fusswurzelknochen. Fortsehr. 
CGieb. d. Rontgenstr., 50: 550-556, 1934 

KLEINBERG, SAMUEL: Supernumerary Bones of the Foot. An X-Ray Study. Ann. Surg., 65: 499-509, 

KOucer, ALBAN: Rontgenology. The Borderlands of the Normal and Early Pathological in the Skia- 
gram. Translated by Arthur Turnbull. ld. 2. London, Bailliére, Tindall and Cox, 1935 

Lamiaw, P. P.: The Varieties of the Os Caleis. J. Anat., 38: 133-143; 39: 161-177, 1904 

Laripus, P. W.: Congenital Fusion of the Bones of the Foot; with a Report of a Case of Congenital 
Astragaloscaphoid Fusion, J. Bone and Joint Surg., 14: S8S8S-804, Oet. 1952 

Lenoucg, H.: De la soudure congénitale de certains os du tarse. Bull. Acad. Roy. Méd. Belgique, 4 
(4° Sér.): 108-112, L890 

LONNeRBLAD, Lars: Cher zwei seltene Anomalien (?) im ¢ ‘arpus. ( Verschmelzung” von Os lunatum 
und Os triquetrum sowie ven Os multangulum minus und Os capitatum.) Acta Radiol., 16: 682-690, 1935 


CHE JOURNAL OF BONE AND JOINT 


SURGERY 


25 
26 
27 
: 28 
29 
40 
29 
32 
of 
ot 
as 
3S 
12 
Is 
50 
52 
a7 
OS 


sv) 


SI 


Su 


A SURVEY OF CARPAL AND TARSAL ANOMALIES O41 


Manoiorr, O.: Rare Case of Hereditary Hexadactylism. Am. J. Phys. Anthropol., 15:503 508, 1931 
Manson, J. 8.: Rare Congenital Malformation of Hands and Feet. J. Anat. 58: 250 253, 1924 
Marti, T.: Fin interessanter Fall von Naviculare bipartitum und akzessorischen Handwurzelknochen 
Schweizerische Med. Wochenschr... 74: 060-962, 1044 

Mari, T.: Weiterer Beitrag zum Studium der Handwurzelvarietiten, Schweizerische Med. Wochenschr. 
77: SOL, 1947 , 

Marti, T.: Die Skeletvarietiten des Fusses. Thre klinisehe und unfallmedizinisehe Bedeutung. Jn 
Debrunner, H., und Francillon, M. R.: Praktische Beitrige zur Orthopidie, Heft IL. Bern, H. Huber, 
1947 

Marti, T.: Uber das Os centrale carph. Schweizerische Med. Wochenschr., 80: 280-281, 1950 
Mercer, Joun: The Secondary Os Caleis. J. Anat., 66: 84-97. 1931 

Meves, F.: Uber die Syvnostosen der Handwurzelknochen. Zeitsehr. { Orthop., 67: 17-20, 1937 
Meyer, A. W.: The Rise of Embryology. Stanford, Stanford University Press, 1039 

Min.iken, R. A.: Os Subealeis. Am. J. Surg., 37: 116-117, 1937 

Minnaar, A. B. peV.: Congenital Fusion of the Lunate and Triquetral Bones in the South Afriean 
Bantu. J. Bone and Joint Surg., 34-B: 45-48. Feb. 1952 

Mivart, Sr. G.: Essays and Criticisms. 2 vols. London, Mellvaina, 1802 

Murer, W.: Die angeborenen Fehlbildungen der mensehlichen Hand. Erb- und Konstitutionsbiologie 
der Hand. 8. 80, Abb. 49. Leipzig, Georg Thieme, 1937 

NELSEN, O. b..: Comparative Embrvology of the Vertebrates, pp. 350-351. New York, Blakiston Co., 
1955 

NicHoLson, G. Wo: Studies on Tumour Formation. London, Butterworth, 1950 

Nissen, KK. A Study in Inherited Brachydactyly. Ann. Eugen., 5: 201-301, 1933 

O’Ranitiy, Ronax: Morphological Patterns in Limb Deficiencies and Duplications. Am. J. Anat., 
89: 135-193, 1951 

Ronax: Epitriquetrum, Hypotriquetrum, and Lunatotriquetrum. (To be published in 
Acta Radiol.) 

O’Ranttiy, Ronay, and Twourc, M. J.: Foramina Parietalia Permagna, Am. J ftoentgenol., 67: 
551-561, 1952 

Patrrerson, kL Morphology and Function of Mammalian Digital Sesamoid Bones. Anat. Soe. Great 
Britain and Ireland, Univ. of Manchester, June 20, 1945 

PRITZNER, W Die morphologischen elemente des mensehlichen Handskelets Zeitsehr Morphol u 
Anthropol., 2: 77-157; 365-678, 1900 

Pirie, A. H.: Extra Bones in the Wrist and Ankle Found by Roentgen Rays. Am. J. Roentgenol, 
8: 5690-573, 1921 

PopKAMINSKY, N.: Os Sub-Caleaneum. Bull. Mém. Soe. Radiol. Méd France, 23: 572-573, 1935 
PomMERANZ, M. M.: Radiographie Vignettes. 8. Os Ulnare Externum. Bull Hosp. Joint Dis., 10: 110 
1949 

QuALN’s Elements of Anatomy. Ed. 11, Vol. IV, Part I. Edited by KE. A. Schiifer, Johnson Svmington 
and H. Bryce. London, Longmans, Green, and Co.. 1015 

A.: Zur Mondbeinossifikation. Fortschr. a.d. Geb. d. Réntgenstr., 76: 265-266. 1952 
ticerorit, G.: The Life of Christ. Milwaukee, Bruce, 1047 

Rocuiin, D.G.: Zum Problem der Hyperdaktylie. Zeitsehr. Anat. u. Entwickl., 78: 160, 1926 
tocHLIN, D. G., und Simonson, 8S. G.: Ueber die angeborene Fingerge lenkversteifung. Fortsehr. a.d 
Geb. d. Rontgenstr., 46: 193-204, 1932 

{UCKENSTEINER, E.: Die normale Entwicklung des Knochensystems im Rontgenbild Leipzig, Georg 
Thieme, 1931 

Rusnrorru, A. Fo: A Congenital Abnormality of the Trapezium and First Metacarpal Bone. J. Bone 
and Joint Surg., 31-B: 543-546, Nov. 1949 

Saunpers, J.B. peC. M., and C. D.: The Illustrations from the Works of Andreas Vesalius 
of Brussels, pp. 75 and 81. Cleveland, World Publishing Co., 1950 

Saunpers, peC, H.: The Os Epipyramis or Epitriquetrum. Anat. Ree., 84: 17-22, 1942 

Scninz, H.R Friep., and Urnumcer, Roentgen-Diagnosties. English 
Translation edited by J. T. Case. Vol. I, Part 1, pp. 121-124. New York, Grune and Stratton, 1951 
Scuuicuter, Beitrag zu Varietiten des menschlichen Fussskeletts. Fortschr. a.d. Geb. d. Reont- 
genstr., 71: 498, 1949 

Scumirr, Hl kein akzessorischet Knochen oberhalb des Kalkaneus (Os secessorium supracalcaneum 
bilaterale aut unilaterale). Réntgenpraxis, 10: 137-138, 1938 

ScHoeN, H.: Das Os Vesaliaaum. Fortschr. a.d. Geb. d. Réntgenstr., 75: 489. 1951 

SCHOLDER, C.: La rotule chez lembrvon humain. These, Neuchatel, 1048 

Scuuuitrz, A. H.: Characters Common to Higher Primates and Characters Specific for Man. Quart 


Rev. Biol., 11: 259 283: 425-455, 1936 


35-A, NO. 3, JULY 1953 


dj 
‘ 
“ 
a 
i2 
! 
a 
= 
iO 
‘ 
: 
SI 
SO 
SO 
a 
87 
SS 
‘ 
‘ 
. 
2 
‘ 
os 
VOL 


642 


KONAN O KAHILLY 


ScnwaLbe, Ernsv, und Gruser, G. B.: Die Morphologie der Missbildungen des Menschen und der 
Tiere. Jena, G. Fischer, Teil 1, 1906: Teil 2, 1907; Teil 3, Abt. 1, 1900-1913; Abt. 2, 1909-1912; Abt 


SCKWANTKE, Beitrag zur Kenntnis Misshildungen der oberen Zeitsehr. Anat. u 
108: 719 725, 1938 

Seppon, Caleaneo-Seaphoid Coalition Proe. Rov. Soe. Med., 26: 419 424, 1932 

Suanps, A. R.: The Accessory Bones of the Foot. An N-Ray Study of the Feet of 1,054 Patients 
Southern Med. and Surg., 93: 326-354, 1931 

Seaver, and Rusinsrers, Herman: Aplasia of Interphalangeal Joints Associated with Syno- 
stoses of Carpal and Tarsal Bones. Quart. Bull. Sea View Hosp., 7: 420-443, 1942 

Sitoane, M. W. M.: A Case of Anomalous Skeletal Development in the Foot. Anat. Rec., 96: 23-26, 
1045 

SLOMANN, HE. Co: On Coalitio Caleaneo-Navicularis. J. Orthop. Surg., 19: 586-402, Nov. 1921 
SLoOMANN, HL. ¢ On the Demonstration and Analysis of Caleaneo-Navicular Coalition by Roentgen 
Acta Radiol., 5: 304-312, 1926 

Surrn, R. W.: Treatise on Fractures in the Vicinity of Joints and on Certain Forms of Accidental and 
Congenital Dislocations. Dublin, Hodges and Smith, 1854 

Sarrn, S&S. Av: A Case of Fusion of the Semilunar and Cuneiform Bones (Os lunatotriquetrum) in an 
Australian Aboriginal. J. Anat., 42: 343 346, 1908 

Svrrnam, J. Ho: Some Observations on Certain Congenital Abnormalities of the Hand in African 
Natives. British J. Radiol., 21: 513-518, 1948 

Berxuarp: Ueber abnorme Verschmelzung knorpeliger Skelettheile beim Fotus. Centralbl 
f. Allg. Pathol. u. Path. Anat., I: 124-126, 

Speep, Kettoc: Traumatic Injuries of the Carpus, Including Colles’ Fracture. New York, Appleton, 
1925 

Srempers, A. ReyNnoups, L.: Further Data on Symphalangism. J Hered., 39: 23-27, 1948 
Srraus. W. Growth of the Human Foot and Its Evolutionary Signifieance. Contrib. Emb., Carnegie 
Inst., 19: 93-134, 1927 

Srraus, W. L., and Temkin, Owser: Vesalius and the Problem of Variability. Bull. Hist. Med., 14: 

Swenson, P. and Witxer, Danien: Unfused Ossifieation Centers Associated with Pain in the 
Adult. Am. J. Roentgenol, 61: 341-353, 1949 

Untersuchungen tiber die morphologische Bedeutung accessorischer Elemente am 
mensehlichen Carpus (und Tarsus). Morphol. Arb., 5: 462-554, 1896 

Tuomson, Arruur: The Condition of the Os Stvloideum as Attached to the III Metacarpal; to the 
Magnum; to the Trapezoid. J. Anat., 28: G4-66, 1894 

Troute. D.: Accessory Bones of the Human Foot. Translated by E. Aagensen. Copenhagen, Munks- 
gaard, 1O4S 

Tervxer, Winuiam: Some Variations in the Bones of the Human Carpus. J. Anat., 17: 244-249, 1885 
Virenow, Hans: Das Os centrale carpi des Menschen. Morphol. Jahrb., 63: 480-530, 1929 

Warkivs. W. W.: Anomalous Bones of the Wrist and Foot in Relation to Injury. J. Am. Med. Assn., 
108: 270 274, 1037 

Werstrer. S.. and Roperts, W. R.: Tarsal Anomalies and Peroneal Spastic Flatfoot. J. Am. Med 
Assn, 146: L104, 1951 

Werrzver, Imre: Congenital Talonavicular Synostosis Associated with Hereditary Multiple Ankylosing 
Arthropathies. Am. J. Roentgenol, 56: 185-188, 1946 

Waits, James: The Development of Svnovial Joints. J. Anat., 74: 277-283, 1940 

Winkins, Lawson: Epiphysial Dysgenesis Associated with Hypothyroidism, Am. J. Dis. Child., 61: 
34, 

Zapek. ISapore, and Goup, A. M.: The Accessory Tarsal Seaphoid. J. Bone and Joint Surg., 30-A: 
O57 GOS, Oet. 

Ziuuer, KE. Skelettelemente medial des Cuneiforme I. Acta Radiol., 34: 102-114, 1950 


tHE JOURNAL OF BONE AND JOINT SURGERY 


102 
10% 
104 
105 
ltt 
107 
108 
110 
111 
112 
113 
114 
11d 
116 
‘ 
11S 
é 
120 
121 
| 
12:4 
124 
125 
- 


COLLES’ FRACTURE 


A Srupy or Two THOUSAND CASES FROM THE NEW YorK STATE WORKMEN'S 
COMPENSATION Boarpb 


BY ROBERT W. BACORN, M.D., AND JOHN F. KURTZKE, M.D., NEW YORK, N.Y. 


Colles’ fracture, a common injury, is usually considered to be rather trivial and is 
often delegated to the orthopaedic neophyte for treatment. It is the purpose of this paper 
to survey a large number of such fractures, with the emphasis being placed on final results 
and their contributory factors 

We have defined Colles’ fracture as a complete transverse break of the distal one inch 
of the radius with dorsal displacement of the distal fragment; non-displaced fractures were 
not included. A considerable number of fractures showed comminution, impaction, or 
extension into the radiocarpal joint 


METHODS AND MATERIAL 


The Workmen's Compensation Board files of the New York State Department of 
Labor (New York City Distriet) contain some 1,400,000 cases at any one time, which 
represent the claims folders for the previous ten years. These are catalogued on Interna- 
tional Business Machine cards under a number of keys, permitting rapid tabulation of 
Colles’ fracture cases. The medical section of each case folder contains the treating 
physician's initial report of injury and therapy, with fuller details in a report made two 
weeks later; it also contains the progress notes, discharge note, details on Workmen’s 
Compensation Board examinations, X-ray reports, reports of insurance-physician’s ex- 
aminations, and, where pertinent, consultant reports and death reports. There is also the 
report of the final Workmen’s Compensation Board examination with a detailed descrip- 
tion of the functional and anatomical findings, and the decision of the Board as to the 
permanent disability in percentage of loss of funetion of the hand 

For the years investigated, all case folders, to the number of 5,000, classified under 
Colles’ fracture, fracture of the wrist, and fracture of the radius, were obtained; the latter 
two classifications contained a large number of Colles’ fractures. Then the Colles’ fracture 
charts were tabulated; completeness of data was the sole requirement for inclusion, 
Because of administrative details, only half of the cases from 1946, 1947, and 1948 were 
available. All of the cases from 1945 and 1949, whether included in our main tabulations 
or not, were listed as to the type of fracture. Some further cases were drawn from the 
1940 and 1941 files; the war years were largely omitted to avoid prejudice in our correla- 
tions, although there was no significant difference between the cases of 1945 (injuries of 
1944) and of 1949 (injuries of 1948). Fractures of the carpus in these two years were also 
counted. 

Our tabulation for each case of Colles’ fracture consisted of: (1) case number: (2) sex: 
(3) age: (4) involved limb; (5) Workmen's Compensation Board’s final estimation of 
the percentage of disability (percentage of loss of function of the hand); (6) functional loss 
(pronation, supination, palmar flexion, dorsiffexion, lateral mobility, and exact defects 
in digit motion) as none, mild, moderate, marked, or complete; (7) diminution of grip 
(none, mild, moderate, marked, or complete); (8) nature of fracture (simple or compound, 


* Adapted from a report by Bacorn and Kurtzke to the Workmen's © ompensation Board. The conclusions 
herein are those of the authors and do not necessarily represent theopinions or pohiey of the Workmen’s 
Compensation Board. This paper is published with the permission of Miss Mary Donlan, Chairman of the 
New York State Workmen’s Compensation Board, 

+ This study was made possible under an appropriation to the New York State Workmen's Compensa- 
tion Board, and was written under the supervision of Dr. Willis M. Weeden, Medical Director of the Work- 
men’s Compensation Board. 
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residual deformity 


impacted, comminuted, or into the radiocarpal joint); (9) degree o 
(none, enlargement, or mild, moderate, or marked deformity); (10) involvement of the 
ulnar styloid (with or without union); (11) mechanism of injury; (12) treatment (site, 
reduction, anaesthesia, duration of immobilization, type of physical therapy if given, 
und duration); (13) sequelae and complications; and (14) time between injury and the 
final disability award 

The total number of cases thus studied was over 2,100, but obviously not every 
factor could be evaluated in each case. There were in addition some 1,100 radiocarpal 


fractures other than Colles’ which were listed as to anatomical type. 


DISCUSSION OF DATA 


In the two vears studied most thoroughly (1945 and 1949), Colles’ fracture was found 
to constitute by far the most frequent individual fracture of the radius. In 1945, there 
were 650 Colles’ fractures out of 1,071 radial fractures; in 1949, 662 Colles’ fractures were 
found in 1,118 radial fractures. This gives a total of 1,312 Colles’ fractures out of 2,189 
fractures of the radius an incidence of 60 per cent. (Chart I1). The next most frequent 
class of fractures was that of the radial head (proximal) with an incidence of 14 per cent 
(306 cases). Fractures of the shaft of the radius extending from the neck to within one inch 
of the radiocarpal articulation constituted 6.2 per cent. or 136 of these 2,189 radial frac- 
tures. The remaining 19.8 per cent. were fractures other than Colles’, although they oc- 
curred within one inch of the joint: 132 cases (6 per cent.) were fractures of the radial 
styloid; 22 (1 per cent.) were Smith's fractures, that is, ‘‘reversed Colles’ fractures” 
and 12.8 per cent. were of a heterogeneous group which included fissure fractures, trans- 
verse fractures (whether incomplete or non-displaced), and chip fractures. 

It was impossible for us to determine an accurate incidence of Colles’ fracture among 
the general population, since no figures were available on the total number of workers 
covered by the Workmen's Compensation Law. However, we were able to determine 
the incidence of Colles’ fracture among all Workmen's Compensation Board cases for the 
vears of 1945% and 19499, in which there were 1,312 cases of Colles’ fracture out of 133,764 
Workmen's Compensation Board cases in the New York City District an incidence ot 
0.98 per cent. The frequency in 1945 was 1.02 per cent.; in 1949 it was 0.95 per cent 

During this study it was also possible to determine the distribution of fractures 
of the carpus (Chart [}). In these same years (1945 and 1949) there were 408 fractures ot 
the carpal bones, or less than one-fifth the number of radial fractures and one-third the 
number of Colles’ fractures. Of these, thirty-one were undifferentiated, but among the 
remaining 377 carpal fractures, that of the navicular constituted 7O.8 per cent. (267 
cases), The next most frequent fracture was that of the triangular (14.3 per cent. or fifty- 
four cases); then came fracture of the linate (5.6 per cent. or twenty-one cases). ‘The 
remaining five bones accounted for but 9.3 per cent. There were eight fractures 2 1 
per cent.) each of the pisiform, the greater multangular, and the hamate, as well as nine 
2.4 per cent.) of the capitate, with but two fractures (0.5 per cent.’ of the lesser multan- 
gular. Some of these carpal fractures were multiple 

It was interesting to note that Colles’ fracture, the mechanism of which demands 
transmission of the force through the carpus, was accompanied by but ten fractures of the 
navieular (Q.5 per cent.):; no other carpal bone was so involved 

In the vears 1945 and 1949, 700 fractures, comprising 58 per cent. of a total of 
1.206 cases, occurred in males, whereas #2 per cent. (506 cases) were found in females 


r Was the same as their other, but for our total of 2,115 Colles’ 


The ratio in either ve: 
fractures the incidence was 56.5 per cent. male to 43.5 per cent. female. The sex ratio of 
all Workmen's Compensation Board cases for 1945 and 1949 was S# per cent. male to 
I per cent. female. In 1945 it was SL.2 per cent. male to 18.8 per cent. female; in 1949, 


86.7 per cent. male to 13.3 per cent. female. In other words, despite a five-to-one ratio tor 
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all Workmen's Compensation Board cases, there was almost a one-to-one ratio for Colles’ 
fracture. This we believe was in large part due to the large number of female domestics 
who had suffered falls resulting in Colles’ fracture. Since Colles’ fracture is not prinarily 
an occupational hazard, we obtain a sex ratio more closely approximating that of the 
general population rather than the heavily weighted ratio found in occupational injuries. 
We éan in no other way explain the higher relative incidence in the female. 

In 2.103 cases of Colles’ fracture, there were found to be 944 fractures of the right 
radius (44.9 per cent.), and 1,159 (55.1 per cent.) of the left. Included are twenty cases of 
bilateral Colles’ fracture (0.94 per cent.). The higher incidence of fracture in the left wrist 

does not appear to be of any known significance. There were twenty-seven cases in which 
the fracture was compound, an incidence of 1.3 per cent 

The mechanism of injury in a Colles’ fracture, as is well known, is most frequently 
the result of a fall on the palm of the outstretched hand. In only 8.4 per cent. (178 cases) 
Was there a different mode of causation — such as being struck by a heavy object, injuries 
by machines, and chauffeur’s fracture The classical picture of Colles’ fracture is a complete 
transverse break with dorsal displacement of the distal fragment. However, in a consider- 
able proportion of the cases there was comminution, impaction, or extension into the radio- 
carpal joint. An accurate estimation of the incidence of such forms was impossible, since 
the reports were usually not sufficiently complete. It was our impression that such forms 
tended to result in a higher disability 

The primary treatment (reduction and immobilization) took place in a hospital in 
55 per cent. (1,179 cases) of the fractures, while a local physician performed this service 
in the remaining 45 per cent. (953 cases) 

Reduction of Colles’ fracture was performed in 88.3 per cent (1,348) of the 1,527 
fractures in which this factor could be assessed. Of these, 1,252 (81.9 per cent.) were single 
reductions, fifty-six (3.7 per cent.) required a second attempt, and sixteen (1 per cent.) 
needed a third manipulation. There were only twenty-four fractures (1.6 per cent.) in 
Which an open reduction was performed, In 179 Colles’ fractures (11.7 per cent.), there was 
ho attempt at reduction, although, in our judgment (based upon the x-ray reports, the 
course of treatment, and the final deformity), eighty of these (5.2 per cent.) were of such 
a nature that reduction should have been performed. Among these were a number of cases 
of Colles’ fracture in which the patient refused manipulation 

Anaesthesia was used in the reduction of 471 Colles’ fractures: in the remainder, 
this factor was either unknown or anaesthesia was not used, it being impossible to deter- 
mine which. One hundred and sixty-eight (36 per cent.) were reduced under local infiltra- 
tion anaesthesia, including but one in which brachial block anaesthesia was used. General 
anaesthesia (inhalation or intravenous) was used in the reduction of 303 fractures (64 
per cent.) 

Physical therapy was given in all but 3.4 per cent. of a total of 1,440 cases, with 684 
cases in which the type of treatment was not reported. While every conceivable form of 
therapy from hot soaks to histamine iontophoresis was used, the most popular was 
diathermy. The frequency of treatment most often noted was three times a week, which 
is the maximum for which fees are authorized under the Workmen's Compensation Law.‘ 
The duration of treatment varied from 0.5 to twenty-four months, with a mean or average* 

* The mean or average of a class is the sum of the components of a class divided by the number in the 

=X 
class: mean M 

For grouped data (that is, where there are subclasses) mean M X = ars 
\l X mean of the X's 
N number in the class 
\ member of the class 
frequency of X’ 

X'= a subclass (actually, the mid-point of the subclass). 
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TABLE I 


FREQUENCY DiIstTRIBUTION ACCORDING TO AGE FOR ALL COoLLEs’ FRACTURES AND ALI 
WoRKMEN’S COMPENSATION Boarp Cases Or 1945 1949, COMBINED 


All Colles’ Fractures 


All W.C.B, Cases, 1945 and 1949 


Age Group Vo. of Cases Per cent Vo. of Cases Per cent 
II under 20 54 2.6 0.668 4.7 
Ill 20-24 127 6.2 35,312 7.3 
IV 30-39 257 12.5 16,3905 22.4 
1-49 563 27.4 24.4 
VI 50-59 33.5 12,496 20.5 
VII 60-69 325 15.9 19,362 9.4 
VIII TO-79 38 2.815 1.4 
IX 80-80 0 0 110 
Total 2.047 100.0 206,705 100.0 


of 4.0 months and a median* of 3.5 months. Although no statistical analysis of type or 


duration of physical therapy in relation to final disability could be made, it is our impres- 
sion that it did not play any appreciable role in altering the final loss of function. It is felt 
that the most important effective mode of physical therapy is the active and passive 
motion done by the patient himself, under proper medical supervision, as frequently 
and as early as feasible. We have seen rather severe fractures in elderly people treated for 
short periods result in a below-average disability, which was due in large measure to the 
patient’s willingness to exercise his wrist and fingers. This is also the impression of Knapp 
and Cassebaum. 

Contrary to popular belief, Colles’ fracture most frequently results in some residual 
impairment in motion of the hand and wrist, even under the most favorable circumstances, 
Only sixty-two (2.9 per cent.) of 2,132 Colles’ fractures were judged by the physicians of 
the Workmen's Compensation Board to have had no permanent disability (loss of fune- 
tion). The average disability in all eases of Colles’ fracture regardless of age, adequacy of 
treatment, or severity of fracture is 24 per cent. loss of function of the hand. The range 
of disability is from 0 to 100° per cent.; both median and mode** are 20 per cent. loss of 
function (Chart 1). In 94 per cent. of the cases, there was a resultant disability of less than 
50 per cent. loss of hand funetion. This loss, as found by Workmen's Compensation Board 
examiners, is considered a permanent condition not amenable to further treatment. 

In 2,047 cases of Colles’ fracture the ages ranged from fourteen to seventy-eight 
(Chart IIT). 
This bears out the generally accepted opinion that Colles’ fracture is a condition of the 
older age groups. More concrete evidence of this is afforded by a comparison of the age 
distribution of Colles’ fractures with that of all Workmen’s Compensation Board cases 
for 1945 and 1949, New York City District (Table 1), in which 68.6 per cent. of all Work- 
men’s Compensation Board patients are under the age of fifty, whereas 51.4 per cent. of 
the patients with Colles’ fracture are aged fifty or over. A distribution index (defined as 
the percentage frequency of Colles’ fractures per age group over the percentage frequency 
of all Workmen’s Compensation Board cases for the same age-group) shows a sine-curve 
ratio ranging from 0.35 for the 20 29 age group to 1.68 for the 60-69 age group, whereas 

* The median is the value in a class so chosen that the members above and below this value are equal 
in number when the class is arranged with its members in sequence. 
(N + 1) 
9 


vears with an average age of 48.2 years (median and mode each fifty years 


median = Md 


For grouped data, median = Md = |, 


** The mode of a class is that member which occurs most frequently. M, = mode. 
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if the age distribution of 
‘ Ace-Disaanity Correcation ~ Cones Colles’ fractures were pro- 
Mean % Disasititx of Decane portional to that all 
N (2047 cases) Workmen's Compensation 
vA we Board cases, the distribu- 
D tion index would remain 
a - Pai = constant at 1.00 (Chart IV). 
B 
L 
X 


ALt 


It iscommonly felt that 
not only are Colles’ frae- 
tures more numerous in the 
aaj older age groups but they 
are, in addition, more seri- 


* — ous; patients in such groups 
T iva ww 


-Groves ~ Decades 
Cuarr V-A 


may expect a higher disa- 
bility. By a correlation of 
age and disability, it was 


ot - Disapitity Correcationw determined that the mean 
MEAN %o DiSABILITY of 2-week PeRions in CasTs percentage loss a function 
N (1654 cases) for each successively older 
° age group ranges from 9.4 
D a . MEAN -ALL COLLES loss of function for the first 
é 207 group (age less than 20) to 
A $32.3 loss of funetion for 
8 om the seventh group (age 70 
79), with straight-line 
slope approximating an in- 


disability of 3.7 per decade 
Chart V-A; Table II). The 
mean of each age subgroup 


Immositi zation DuRATION (wEeKS) 
Cuarr V-B 


has been proved by statistical methods* to be significantly different from the mean of all 
eases of Colles’ fracture, except where the curve of disability-age correlation crosses the 
value of the mean of all cases. In addition, each age subgroup has been shown to be signifi- 
cantly different** from the means of its contiguous groups — except in the last (70-79) 
where there is a small number of cases. 


* The standard deviation of the mean of the subgroup was compared with the mean of all Colles’ frac- 
tures. When the two means differ by more than twice the standard deviation of the subgroup, they are sta- 
tistically different 95 per cent. of the time 


= 
Nn Vn 


x) 


For all Colles’ fractures 


14.5 
oM , 
V 2151 
For subgroup a 
14.5 
Vou 
om = standard deviation mean x = mid-point of subgroup 
os = standard deviation of a sample n = number of samples 
> = sum of a’ = number of samples in subgroup a 
oy the critical ratio of the difference between two means. If T is greater than * 2.0, the two means 
are significantly different 95 per cent. of the time 
Tab Ma Mb op = standard error difference between 
Dai sample means 
Tims = V + rlom.) (om»p r = coefficient of correlation 


The T’s found were 4.02, 3.24, 3.32, 2.39, 5.49, and 0.63, respectively. 
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DeFormitx< -DisasBicity CorRRELATION 


Mean % Disasirity in ZII3 cases of Coires’ Fx. 


cot FOR VARIOUS DEGREES OF RESIDUAL DEFORMIT\ ” 
M 
E 
A 
N 
% 
30% 
#30 
MEAN 
ALL COLLES’ 24 
B 
| +10 
x x! x" x” x" ° 
O = 166 cases 
x, = ENLARGEMENT 1034 CASES 
x = MILO DEFORMITY 463 CASES 
X" = MODERATE DEFORMITX 361 CASES 
X™ = MARKED DEFORMIT< 89 
Cuarr VI-A Cuarr VI-B 


Thus age has been shown to be one important factor in the determination of the 
final percentage of loss of function in cases of Colles’ fracture. Another important element 
in this regard is the adequacy of reduction and immobilization. These two factors are of 
course related. In a study such as this, it is impossible to differentiate the two; but one 
factor incorporates both elements: namely, the degree of residual deformity as adjudged 
by the Workmen's Compensation Board's medical examiners. Residual deformity has been 
arbitrarily classified into five categories, the first being the return to the normal contour 
and size and the second, an enlarged wrist in the absence of deformity. The next three 
classes are those of true deformity (mild, moderate, and marked) which is most often of 
a “‘silver-fork”’ character. A deformity-disability correlation was set up and the results 
showed conclusively that disability does increase directly with the degree of deformity in 
a straight line having a slope of approximately 6 per cent. loss of function per “grade” of 
deformity (Chart VI-A). The mean percentage disability ranged from 10.6 (no deformity) 
to 42.1 (marked deformity). A statistical comparison between two adjacent means showed 
a significant difference in all cases but one, and that was between enlargement only and 
mild deformity in which the difference was remarkably insignificant, tending to show that 
they are but two names for the same grade of deformity. In addition, by cumulative dis- 
tribution* curves, these two ‘‘grades”’, namely, enlargement and mild deformity, are 
shown to be identical. 

Thus we have only four classes of deformity: none, mild, moderate, and marked, 
with a slope of 10 per cent. disability per grade of deformity. We have found that 86 per 
cent. of the patients with no residual deformity have a disability of less than 20 per cent., 
whereas only 3 per cent. of those with marked deformity have this same disability (Chart 
VI-B; Table III). The significance of this conclusion-—that is, that there is a positive 


? 


* Cumulative distribution curves plot the cumulative frequency percentage (abscissa) against cumula- 
tive percentage disability (ordinate) for each class involved in the correlation here it is disability 
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TABLE III 
De rORMITY BILITY CORRELATION IN 2,113 Cases o1 
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Pypes of Residual Disability 
Percentage Total rt 
ol \ \ 
Disability No Deformit enlargement Slight Moderate Marked 
(10 No bnlargement Only Deformity Deformity Deformity 
percentile Vo. Per cent No. Percent Vo. Per cent Vo. Per cent Vo. Per cent. No. Per cent 
78 17.0 35.7 17 11.9 3.4 672 31.8 
1% 11.4 135 29.2 13S 38.2 14 15.7 630 20.9 
39 1.8 146 «1404 72 15.6 “ 26.6 25 28.1 442 16.2 
2 1.2 Ob 64 9.1 14.1 17 19.1 178 S.4 
24 2.3 5 1.1 17 l4 60 2.8 
70-79 OLS 2 2 2.2 IS 
0 0 0.3 3 | 0.2 
0 0 O38 0 
Total «610000 361 10000 Su 99.9 2113 99.9 


correlation between residual deformity and disability —is proved by statistical methods, 


including the x test*, using the null hypothesis that there is no correlation between de- 
formity and disability 

One often hears that a cast should be left on a fractured limb fora period just sufficient 
for adequate callus to form and that immobilization for periods beyond this greatly 
enhances the probability of an increased final disability, or that immobilization per se 
for some two to three months can couse a permanent loss ot lunetion, where none would 
have resulted had there been no cast present (lot example, in sprains treated as fractures 
To test this hypothesis, we correlated the duration of immobilization with the percentage 
of disability in 1,654 cases of Colles’ fracture immobilized for periods ranging from zero 
to sixteen weeks (one case of eighteen weeks) (Chart V-B; Table IV). The average period 
of immobilization for all of these Colles’ fractures was 5.4 weeks, the median being five 
weeks, the mode four weeks 

By the testing of the means of successive two-week periods of immobilization (and 
also of four-week periods) against the mean of all cases of Colles’ fracture, there was found 
to be no significant difference between the means of the individual subgroups and the mean 


of all Colles’ fractures. We further tested the significance of our entire distribution by 


test 
V 2x V 2n | 
~ 
"1 | 
" R | 
io observed frequency R number of rows 
11 theoretical tre queney number otf columns 
p> sum ol a standard deviation (unit of) 
" degrees ol treedtom 
The null hypothesis sets up a theoretical frequency of an ideal distribution (bell) curve. If the hypothesis 
is correct, a will be less than | in two thirds of the cases 
= V72710.9 V 240 —1 = 29 
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FREQUENCX DISTRIBUTION 
or Resipuat DEFECTS IN 
2122 cases or Corres’ Fx. 


wirHoUT REGARD To 
DEGREE 


=~ 
° 


an 3x 
$ 


Q sof 
U 
E 
30¢ 
20¢ 
28.2 369 94.5 80.0 49.4 47§ 34.6 
PRO- SUPIN- PALMAR DORSI- LATERAL pigits GRIP 
NATION ATION FLEXION FLEXION MOBILITY x 
FOREARM WRIST 


Cuarr VII 


* This coefficient is a number which ranges 


determining rv, the coefficient of correlation 
from 1.000 to + 1.000. Plus or minus 1.000 signifies perfect positive or negative corre- 
lation; 0.000 signifies an absolute lack of correlation. The value we found for r was +0.0974 
Which is considered to represent no satistically valid correlation. Further, we checked the 


validity of our figure for r by determining o, which was found to be less than one-third the 


* Cocthecient of correlation 


NXfdxdy 
(dx) ? — (Sfxdx) ? — (2fydy) 7] 
' coefficient of correlation d = deviation from most numerous (modal) group 
N number of cases 1,653 dx = deviation along x axis 0 = 4 weeks 
{ frequency dy = deviation along y axis 0 = 20 to 29 per cent. 
x abscissa (weeks of immobilization fx, = total number of cases in ‘a’ week of immobilization 
vy = ordinate (percentage of disability fy, = total number of cases in “‘b”’ disability percentile 
7.66 10 
-— = 0.0074 
7.86 10° 
Significance of r: 
r? 
ol = +(.024 
VN-1l1 


r, as greater than So,, is significant. 
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value of r, therefore r is significant. We have sufficient data to substantiate the conclusion 
reached. Thus there is no correlation between the duration of immobilization and the per- 
centage of disability in Colles’ fracture, within reasonable limits. 

The defects of function caused by Colles’ fracture are those of pronation and supina- 
tion of the forearm, movements about the wrist (palmar flexion, dorsiflexion, and lateral 
mobility), and flexion and extension of the digits about the metacarpophalangeal and 
interphalangeal joints. 

In 2,122 cases of Colles’ fracture, defect in pronation was present in 28.2 per cent., 
defect in supination in 36.9 per cent., defect in palmar flexion in 94.5 per cent., in dorsi- 
flexion 80 per cent., and in lateral mobility 49.4 per cent. of the cases. It is obvious that 
by far the most frequent permanent defect was in palmar flexion, rather closely followed 
by limitation of dorsiflexion (Chart VIL). The average limitation of motion in palmar flex- 
ion (of those having any defect) was approximately one-half the normal range, or a ‘ mod- 
erate”’ defect. Dorsiflexion and lateral mobility had an average limitation which appeared 
to be slightly less than palmar flexion, although it could not be quantitated because of 
the arbitrary classification used in describing such defects. (The Workmen's Compensa- 
tion Board findings for restriction of passive motion were classed as mild, moderate, 
marked, and complete to which we have given approximate values of one-fourth, one- 
half, three-fourths, or four-fourths loss of range of motion.) Pronation and supination 
showed a lower average defect much closer to mild restriction (one-fourth loss). These 
defects are probably not due, in any large measure at least, to any disuse atrophy of the 
muscles of the forearm since they are determined approximately one year after injury, 
Pronation and supination defects may conceivably be explained on the basis of a 
mechanical block to full movement caused by the enlargement of the bone due to callus 
formation, radial tilt, and shortening, since the only muscles relating to these motions 
which can be involved at the distal end of the radius are the pronator quadratus and the 
brachioradialis (supinator longus). There is considerable danger that the former could be 
disrupted anywhere beyond its origin, since it lies upon the radius. However, we have found 
that pronation was restricted in only one fourth of the patients, and in these, the restric- 
tion was most often mild. The brachioradialis may be involved since its insertion is on the 
radial styloid, but it plays a minor role in forearm supination. The flexores and extensores 
carpi are probably involved in or near the carpal tendon sheaths, and the mechanism 
is probably a traumatic synovitis with some adhesions. Flexion and extension defects in 
the wrist may also be due to loss of radial tilt and shortening of the distal portion of the 
radius with callus. These latter causes will also explain the defects in digit motion which 
were found to be present in almost one-half of the cases of Colles’ fracture (47.5 per cent. ). 

The most frequent of all defeets of the digits was in flexion of the distal phalanx 
of the index finger (43.6 per cent.). Flexion of the distal phalanges of the fingers (35 to 44 
per cent.) was involved more often than either motion of any other joint. For any given 
joint, flexion defects were about twice as frequent as extension defects. The thumb was 
the digit least involved (20 per cent. of flexion and 9.4 per cent. of extension). Metacar- 
pophalangeal joints (20 to 25 per cent. of flexion) were involved insignificantly more often 
than the proximal interphalangeal joints. 

There was residual diminution of the grip in 34.6 per cent. of 2,130 cases of Colles’ 
fracture. Only 3 per cent. of the total number of patients with Colles’ fracture had an 
impairment which was classed as more than moderate; in 14.9 per cent. it was mild and in 
16.7 per cent., moderate, with twelve (0.6 per cent.) showing complete loss of grip. 

Non-union of Colles’ fracture was extremely rare, being found in only four Colles’ 
fractures (0.2 per cent.), but there were fourteen (0.7 per cent.) fractures which showed 
delayed union. Traumatic neuritis was extremely rare also, with only four cases of median- 
nerve involvement (0.2 per cent.) recorded, andfonly one case of ulnar-nerve involvement. 
There were three cases of causalgia (0.1 per cent.), as well as three cases of Sudeck’s 
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atrophy (0.1 per cent.) and four of Dupuytren’s contracture (0.2 per cent.). Persistent 
pain was noted in 2 per cent., and in L per cent. of the cases of Colles’ fracture, limitation 
of shoulder motion was of significance. 

Of 1,660 cases of Colles’ fracture, there were S87 fractures of the ulnar styloid (53.2 
per cent.), with 228 (13.7 per cent.) cases of non-union reported. Of the fractures of the 
ulnar styloid, 25.7 per cent. were, therefore, followed by non-union 

It has been stated above that the final Workmen’s Compensation Board award wa: 
made approximately one vear after the initial injury, by which time the residual defects 
were considered permanent. The lapse of time between injury and the Workmen's Com- 
pensation Board award in 1,055 cases was 12.0 months (mean, median, and mode), with 


a range of from four to fifty-one months 


DISCUSSION OF RESULTS 


The first evident fact is the high incidence of Colles’ fracture; it constitutes 1 per cent, 
of all Workmen's Compensation Board cases, and 60 per cent. of fractures of the radius, 
It is also a fracture with a low incidence of complications, which in this study included 
compound fracture, non-union and delayed union, navicular and ulnar-styloid fractures, 
neuritides, eausalgia, Sudeck’s atrophy, Dupuytren’s contracture, limitation of shoulder 
motion, and persistent pain of the wrist. However, this fracture is not the benign condition 
many consider it to be. Cassebaum found no serious functional disability in his study of 
Colles’ fracture, but we have seven patients in whom the loss of hand function was 90 per 
cent. or more, and over 3 per cent. of all the patients have disabilities of 60 per cent. or 
more. The average permanent loss of function of the hand in over 2,000 cases of Colles’ 
fracture has been found to be 24 per cent The percentage disabilities upon which this 
figure is based were adjudicated by the experienced physicians who compose the medical 
board of the Workmen's Compensation Board. In cases of doubt as to the fitting award, a 
panel composed of three senior Workmen's Compensation Board physicians was employed, 
and, as a final arbiter, the medical director of the Workmen’s Compensation Board. Along 
the way, the patient’s physician, insurance-company doctors, and independent experts 
were often called upon to aid in the judgment of the final award. Therefore, we may 
consider each award to be an accurate estimate of disability, based solely upon the deficits 
in funetion (range and power of motion) found at the final examination. As an estimate 
of the basis for such awards, here are the findings in a typical patient who was awarded 
25 per cent. disability: moderate limitation of palmar flexion and dorsiflexion, mild 
limitation of lateral mobility, and mild flexion defects of the distal interphalangeal joints 
of the index, middle, and ring fingers, as well as an enlarged wrist 

Ilowever, it must be admitted that such defects as are most usually found are of 
minor importance for the unspecialized use of the hand; a loss of 50 per cent. of the range 
of motion does not imply a hand only half usable, for very seldom do we employ the full 
range of any joint motion. Even an ankylosed wrist is serviceable so long as the digits, 
especially the first two, are reasonably agile. Nevertheless, such considerations should 
not militate against the recognition of actual disability 

\s to the correlations set up in the paper, little need be said. It was expected that 
increasing age would mean increasing disability, and that the greater the deformity, 
the greater would be the loss of function; but it is well to have support for such statements, 
especially since some authors have made different statements'. The one somewhat unex- 
pected aspect was the lack of correlation between duration of immobilization and 
disability. Although the limit of immobilization was only sixteen weeks, it is the extreme 
One ws likely toencounter, and within this range it was found that disability did not increase 
with the prolongation of the period of immobilization. The factors which we feel are ot 
greatest importance in the effort to obtain an end result with a low disability are (1) ac- 
curate reduction, (2) adequate immobilization, and (3) early and persistent active motion. 
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CONCLUSIONS 

From a study of a total of 2,132 cases of Colles’ fracture from the files of the Work- 
men's Compensation Board, New York State Department of Labor, New York City 
District, the following conclusions were drawn: 

1. Colles’ fracture constitated 60.0 per cent. of fractures of the radius 

2. Incidence of Colles’ fracture among Workmen's Compensation Board cases, New 
York City District, in 1945 and 1949 was 1 per cent. 

3. Of all carpal fractures, that of the navicular constituted 70.8 per cent. 

1. The ratio of males to females in Colles’ fracture was 58 per cent. to 42 per cent. 
for 145 and 1949, whereas the male-to-female ratio for all Workmen's Compensation 
Board cases for the same years was 84 per cent. to 16 per cent. 

5. The left radius was involved in Colles’ fracture in 55.1 per cent. of the cases: the 
right in 44.9 per cent. These figures include 0.94 per cent. of bilateral Colles’ fracture. 

6. The incidence of compound fractures among Colles’ fractures was 1.3 per cent. 

7. In 91.6 per cent. of the cases, the mechanism of injury was a fall on the outstretched 
hand 

8. A considerable proportion of Colles’ fractures showed one or more of the follow ing: 
comminution, impaction, and extension into the radiocarpal joint 

9 Reduetion of Colles’ fracture was performed in 88.3 per cent. Of the total number 

‘ 


of fractures, 3.7 per cent. were manipulated a second time, and 1.0 per cent. required a 


third manipulation. In only 1.6 per cent. of the total was open reduction performed 


Of the 11.7 per cent. in which no reduetion was performed, it was our conclusion that 
almost one half required such manipulation 

10. In the 471 cases in which it was known that anaesthesia was given for reduetion, 
local anaesthesia was used in 36 per cent. and general (gaseous and intravenous) anaesthe- 
sia in the remaining 64 per cent 

11. The average duration of treatment was four months 

12. Physical therapy was used in 96.6 per cent. of the cases, exclusive of active and 
passive motion. This varied widely in type, frequency, and duration, without appearing 
to affect appreciably the ultimate results 

13. The average (mean) percentage loss of funetion (disabilitv) in all patients with 
Colles’ fracture was 24 per cent. loss of the hand, based upon the findings of the Workmen's 
Compensation Board medical examiners. The range of disability was 0 through 100 per 
cent, OF all patients with Colles’ fractures 94 per cent. had a resultant disability of less 
than 50 per cent. loss 

14. The mean age of all patients with Colles’ fracture was 48.2 vears; the median and 
mode were fifty years; the range was fourteen to seventy-eight years inclusive. 

15. The age distribution in Colles’ fracture has been found to be significantly higher 
than that of all Workmen's Compensation Board cases for 1945 and 1949. Of all Work- 
men’s Compensation Board cases, 68.6 per cent. of the injuries occurred in people under 
the age of fifty, whereas 51.4 per cent. of Colles’ fractures were in people of fifty or over 

16. The percentage of disability in Colles’ fracture increased direetly with age, at a 
rate of approximately 4 per cent. loss of function per decade. 

17. Residual deformity (as an inverse measure of adequacy of reduction and im- 
mobilization) has been found to have a direct correlation with disability, at a rate of 10 
per eent loss of funetion per grade ol deformity (hone mild, moderate. marked f 

IS. The duration of immobilization in Colles’ fracture had no effeet upon final 
residual disability 

19. Phe most frequent defect passive motion about the wrist was palma 
flexion, present in percent. of the cases: defect in dorsiflexion was found in SO percent 
Limitation of rotation of the forearm was present in one third and limitation of lateral 
Wrist motion in one half the cases 
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20. Forty-eight per cent. showed restriction of motion of the digits (flexion and 
extension), with flexion defects being twice as frequent as extension; the distal inter- 
phalangeal joints were most often afflicted, and the index finger was the most, with the 
thumb the least, often involved digit 

21. One third of the patients with Colles’ fracture showed residual diminution of the 
grip which was mild or moderate in severity in all but 3 per cent. of the total number of 
CaSeS. 

22. Non-union of Colles’ fracture was found in 0.2 per cent. and delayed union in 
0.7 per cent, of the cases. Other complications included traumatic neuritis (0.2 per cent.), 
causalgia (O.1 per cent.), Sudeck’s atrophy (0.1 per cent.), Dupuytren’s contracture (0.2 
per ceit.), persistent pain (2 per cent.), limitation of shoulder motion (1 per cent.), 
compound fracture (1.3 per cent.), concomitant navicular fracture (0.5 per cent.). 

23. Fifty-three per cent. of the cases of Colles’ fracture were accompanied by avulsion 
fracture of the ulnar stvloid, and of these latter, one-fourth remained ununited. 

24. The interval between injury and final Workmen's Compensation Board medical 
examination and award was twelve months (mean, median, and mode). 


Nore: The invaluable aid of Miss Jeanette Hanlon and her Research and Statisties Section, Workmen's 
Compensation Board, and of Miss Donlan, is gratefully acknowledged 
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DISCUSSION 


Tue Use or Iprontazip iN THE TREATMENT OF BONE AND 
Joint TUBERCULOSIS 


(Continued from page 625 


rate from injections inte the sinuses, abscesses, or cavities is so uncertain that proper blood levels cannot be 
controlled. Oral administration, to treat the patient's body as a whole, is the best and the safest 

For the same reasons the dosage should not be increased above 4 milligrams per kilogram of body weight 
except for very short times and with the realization that patients will become toxic. If you have a patient who 
is dreadfully ill, you may be seared into trying 6 milligrams per kilogram of body weight. Within twenty-four 
hours you will find that patient neurotoxic. If vou continue to push this higher dosage, you are in danger of 
causing the development of a psychosis. Injection of material into a patient on a satisfactory oral dosage 
has been found to upset the balance and cause tonicity 

Local treatment will not touch tubercle bacilli buried in the caleified lesions or in sloughed-off pieces of 
abscess wall. The drug must be circulated in a definite concentration that will destroy the .Wycobactertim 
tuberculosis and not damage living tissue cells 

Even with a proper dosage you have to watch for toxicity. You can forget all other manifestations of 
tonicity, H you will examine the patient every day as to reflexes. If these become severely hypertonic, even 
though there is no clonus, the drug dosage should be decreased 

Deo not use the drug in combination with streptomycin at present. You will confuse yvoursell as to toxicity 
and results. Other qualified investigators are working this problem out. Await their reports. Remember you 
cannot use it at half dosage. Do not experiment as regards dosage; watch vour patients and you will find this 


material a great help in the treatment of bone and joint tuberculosis 
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THRE JUVENILE AMPUTEER * 
BY GEORGE T. AITKEN, M.D., AND CHARLES H. FRANTZ, M.D., GRAND RAPIDS, MICHIGAN 


From the Mary Free Bed Convalescent Home and Orthopaedic Center, 
St. Mary's Hospital and Biodgett Memorial Hospital, Grand Rapids 


The juvenile amputee is defined as being under twenty-one years of age and having 
undergone a surgical amputation or having a congenital anomaly necessitating the use 
of a prosthesis. Children falling within this category came under the authors’ supervision 
in the early fall of 1946. 

Most of the patients were referred to us by practitioners of medicine, either on a 
private basis or through orthopaedic clinics throughout the State of Michigan. These 
cases represent the surgical results of general practitioners, surgeons, and orthopaedic 
surgeons. The children with congenital amputations reflect the variations in management 
With respect to age of fitting and the types of prostheses. 

This analysis has been made possible by the inauguration of the Juvenile Training 
Center and ts the culmination of five and one-half years’ observation. 

The total number of cases of amputation was 192. Of these, 128, or 66.6 per cent., 
were surgical amputations, and sixty-four, or 33.3 per cent., were congenital amputations. 
There were 137 males (71.3 per cent.) and fifty-five females (28.7 per cent.). The average 


age at which surgical amputation was performed was eleven and one-half years. 


TRAINING PROGRAM 


The initial examination is performed in the out-patient clinic. Included in the history 
isa mental evaluation. The stumps are inspected for leagth, sear placement, and cireum- 
ference. Abnormal skin conditions are recorded. The mobility of proximal joints, con- 
tractures, and the presence or absence of tender areas are determined, 

If the child has a prosthesis, he is asked to demonstrate how he can use it. Following 
a functional evaluation, recommendations are made for adjustments, repair, or discard, 
The advisability of corrective surgery is considered at this time. Hf the prosthesis is to be 
refitted, the patient is sent immediately to the limb shop. Should gait-training or arm- 
prosthesis instruction be necessary, the amputee is admitted to the training unit. If not, 
an out-patient status is maintained, 

The new amputee is placed on a schedule of physical therapy while he is awaiting a 
new appliance. Physical therapy corrects contractures and builds strength in muscle 
groups. The therapist instructs the patient, if he is old enough, in the proper care of the 


stump and endeavors to bring about coordination of motion and balance. Occupational 
therapy is of particular value in upper-extremity amputation. The basic skills developed 
in physical therapy are channeled toward the coordination and practical function which 


mark the well trained amputee. 

The prosthetic instructor works in close cooperation with the physical and occupa- 
tional therapists. He supplements their work by teaching the child to apply the principles 
of muscle coordination so that he can use his artificial limb in a dexterous manner. As 
the child progresses, he is initiated into the practical skills which everyday living demands. 

Early in the program the patient wears a limb which has been fitted accurately but 
has not been “finished off’’. The finishing is completed when personal adjustment has been 
judged satisfactory. 

The importance of complete cooperation between the prosthesis fitter and the surgeon 
cannot be overemphasized. The limb fitter must have patience with both the surgeon and 

* Presented at the Annual Meeting of The American Academy of Orthopaedic Surgeons, New York, 
N. Y., February 14, 1950. Received for publication October 30, 1952 
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TABLE I 


CAUSES OF SURGICAL AMPUTATIONS 


plostons 


Vehicular aecident 
Power-tool accident 17 
Tumor 16 
Infection 16 
Railroad accidents 
Thermal injury 5 


Poliomyelitis deformity | 
Osteogenesis imperfecta 
Pseudarthrosis of tibia l 


X-ray irradiation (growth retardation) 


Total 


the amputee. Hemust be willing to make repeated adjustments and to pay close attention 
to details. A child will not wear an uncomfortable limb or one which is not mechanically 
sound. The fitter must have flexibility of mind; he must have imagination and be able to 
accept suggestions. Lf these qualities are not present, satisfactorily fitting prostheses are 
occasional fortune, not planned results 

During residence in the training unit, the child is afforded educational and recreational 
facilities. Hleis in his current school grade and his diversional activities augment prosthetic 
training. In-patient training periods vary from one week to many months. The average 
has been forty days 

Clinical follow-up has been accomplished in the out-patient departments. experience 
has taught that three-month intervals are optimum, Children adjust to prostheses very 
quickly; the appliance becomes much more a part of them than it does in adults. The 
extreme physical activity of a child, however, takes its toll in wear and tear. Minor 
adjustments of moving parts, limb lengthening, and harness repair at frequent intervals 
will prolong the life of the prosthesis. The problems of growth are ever present and the 
prostheses require lengthening, fitting of liners, or bucket tooling. In teen-aged girls the 


correction of call sizes and matehing of flesh color are important 


SURGICAL AMPUTATIONS 


There were 102 males and twenty-six females with surgical amputations. The levels 


ot amputation were distributed HS follows 


Lower extremity Upper extremity: 
Above the knee Ss Above the elbow 2% 
Below the knee ‘7 Below the elbow 2 


Bilateral 


ot Nw 


Bilateral 


The causes of surgical amputations are shown in Table I. 
Might of the amputations were performed by the authors. This figure represents 6.2 
per cent. of the total number of surgical amputations. All other amputations were per- 
formed elsewhere 

The usual problems and complications besetting the amputee have been studied, 
including positioning and extent of sear, spur formation, neuroma formation, short 
stumps, overgrowth, and painful phantom limb. Startling differences are evident when the 
juvenile amputee is compared with the adult 


Sea For mation 


A wide variety of scars has been observed. They have ranged from perfect, thin, non- 
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adherent, atrophic scars to multiple, extensive, inelastic sears typical of old chronic 


osteomyelitis. In no case to date has any patient required revision for the removal of sear. 


All patients with surgical amputations have been fitted with prostheses and have worn 


them without breakdown. There have been two cases of skin-grafting which have offered 


no complication in the wearing of prostheses. These observations would seem to indicate 


that extensive or poor placement of scar in either upper-extremity or lower-extremity 


stumps is not reason a priori for stump revision, 


Spur Formation 


There have been no complications due to spur formation in this series. In no case 


has it been necessary to perform a surgical procedure for removal of a spur. Some degree 


of spur formation was the rule rather than the exception. 


Ne uromata 


Of the 128 patients with surgical amputations, only five (3.7 per cent.) were found 
to have neuromata producing symptoms sufficient to warrant surgical interference. 


One patient refused surgical resection. The others were as follows: 


la vel of 


Above the elbow Amputation at fourteen years Radial nerve 


putation Site of Neuroma 


Jelow the knee Amputation at eight vears Peroneal nerve 


Symptoms at nineteen vears 


kre 


Above the 


Amputation at fifteen vears Femoral nerve 


Symptoms at eighteen vears 


sJclow the elbow Amputation at twelve vears Median nerve 


Symptoms at fourteen vears 


Short Stu 


It is difficult to define a short stump, It is a matter of degree relative to the eoncep- 


tion of the ideal stump length. In the lower extremity it is universally one which offers 


the optimum function with sufficient lever, muscle power, and minimal scar. The criteria 


may be said to be the same for the upper extremity. An amputation performed at the 


site of election is expected to be ideal, In the presence of trauma of varying degrees, 


expediency and life-saving measures predominate in the surgeon's decision. A good 


humber of these traumatic cases fall within the latter category. In this group of children 


no retashioning or tendon sectioning has been done. It is our feeling that extremely short 


below-the-knee, below-the-elbow, and short thigh stumps ean be fitted and made fune- 


tional. The short above-the-elbow stump presents problems relative to satisfactory funetion 


Experience with three cases has indicated to us that it is possible to fit a satisfactory 


prosthesis to above-the-elbow amputees without an extensive bulky shoulder harness. 


With training, these children can be taught to flex the forearm from an extended position 


Without an obvious homolateral shoulder thrust. Children adapt themselves to short 


humeral stumps and have more mobility at the shoulder joint. They can open the hook 


with the elbow locked at right angles. 


Overgrowth of Bone 


Overgrowth is a phenomenon peculiar to the younger amputee. The humerus is more 


liable to overgrowth than the bones of the forearm, while the femur seldom overgrows 


toa point necessitating surgical interference. The fibula tends to overgrow the tibia. This 


complication in the younger amputee may be met at the initial amputation by sectioning 
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the fibula higher than the tibial stump or by effecting a synosteosis operation, Extirpation 
of the fibula has been done but seems to offer no advantage over short resection or synos- 
teosis. Eight stumps to date have been refashioned because of overgrowth: three humeri, 
four tibiae, and one fibula. [It is interesting to note that four of these overgrowths have 


been in negro children 
One stump has been refashioned because of the development of an adventitious 


bursa at the end of the tibial stump. This oceurred in a child with spina bifida, thirteen 


years of age, in whom the amputation had been performed at eight years. 


Phantom Limb 


Phantom limb was 


present those children 


Whose amputations were 


done during their early 


teens. Forty children have 


been questioned over a pe- 


riod of three vears. Thirty 


were able to conjure up 


their extremities. The av- 


erage age of this group was 


eleven and one-half years. 


The average time. since 


amputation Was two years, 


Twelve children unable to 


“call up” the extremities 


were under ten years in 


most instances the 


time since their amputation 


varied from one to thirteen 


years. In no case has there 
Fic. 1 been complaint of a pain- 


Nine-vear-old child with « double-fulerum multiplying-action elbow ful phantom limb. It would 
joint seem that the ‘“‘sensory 


counterpart” in the younger child is not fixed in the psyche and is forgotten. 


AMPUTATIONS 


CONGENITAL 


There were thirty-five males and twenty-nine females with congenital amputations. 


The levels of amputation were distributed as follows: 


Lower Extremity Upper extremity: 


Above the knee 1 Above the elbow 0 
Below the knee 17 Below the elbow $l 
Bilateral Bilateral 2',* 


Quadruple 


The group of patients with congenital amputations may be divided into those not 
needing amputation and those whose anomalous extremity was surgically modified to 


accommodate a prosthesis. Primary limb-fitting for anomalous extremities was done in 
surgical conversions (amputations) were undertaken in twenty cases. 


forty-four cases; 
The conversions were performed to produce a more satisfactory stump for prosthetic 


fitting 
Sears, neuromata, bone overgrowth, and neurovascular complications have not been 


The ') denotes « bilateral case; lower extremity on one side, upper on the opposite 
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major problems in the group with congenital amputations. Amputation (conversion) often 
means the removal of the vestigial remnant of an extremity, Usually there are no major 
nerve trunks involved. 

A characteristic abnormality is the absence of the forearm and hand with a very 
short below-the-elbow stump. This anomaly has been seen in twenty patients, twelve 
girls and eight boys. In most instances they have been seen shortly after birth by various 
practitioners of medicine. Of these twenty patients only one had a prosthesis when he 
was first seen, and yet the average age of the group was thirteen years. The youngest 
child was three, the oldest twenty years. The older children had learned to use their 
stump in a very dexterous manner. Such activities as knitting and sewing were accom- 
plished with ease. All of these were grateful to have been fitted with a prosthesis. 

A stump less than three inches in length is routinely fitted with a double-fulerum, 
multiplying-action elbow joint (Fig. 1). This appliance is of inestimable value in utilizing 
the motion of the extremely short stump. For every degree of the stump bucket’s motion, 
the prosthetic forearm moves 2.5 degrees, thus increasing the range of motion by two and 
one-half times. As a result of this, the hook can be brought easily to the patient’s face 
and mouth, which would not otherwise be possible. 

The optimum time for applying a prosthesis to a child with an amputation of the 
upper extremity seems to be four years, one year prior to formal schooling (kindergarten), 
Kew children with upper-extremity handicaps before this age can button shirts, tie shoe 
strings, or carry a pocket book. At four years of age the mental organization and kinaes- 
thetic sense assert themselves and the patient will be able to put the appliance to proper 
use. Trials on children younger than four have been failures. The limb hangs by the side 
and is non-functioning. The child cannot be expected to perform beyond his years in motor 
accomplishments 

The conversion of a hypoplastic anomaly below the knee requires careful planning. 
A seven-year-old girl had been operated upon elsewhere for such an anomaly. The surgeon 
had elected to do i CGritti-Stokes operation in an endeavor to produce an end-bearing 
stump. The growth problem apparently had not been considered and, when she was seen 
by us two years later, the child did not have an end-bearing stump. The distal femoral 
epiphysis had been destroyed or arrested through the fixation by two screws. The girl is 
now nine years of age, and the amputation is clinically at low-thigh level; as growth 
continues, it will be at least at mid-thigh level. 

A more likely procedure in the case of anomalous limbs below the knee is disarticula- 
tion. One such patient, with a bilateral amputation performed elsewhere, has been followed 
for five vears. The thighs remain equal in length and the lever arms continue to grow. 

These two cases clearly demonstrate the advantage of preserving the distal femoral 
epiphysis, if possible, in the conversion of a below-the-knee to an above-the-knee amputa- 
tion in young children. 


TYPES OF PROSTHESES 
Prosthetic problems have not been difficult. In general, conventional limbs are used. 
Willow wood seems to be the material of choice for buckets. The efficiency of a prosthesis 
depends upon the proper fit and comfort. Suction sockets have been used in thirty-three 
cases for the above-the-knee amputee. Three of these had bilateral amputations. Of these 
cases only one has been a failure. This was a nineteen-year-old girl who had had amputa- 
tion at seventeen years. She was referred for a new limb and for training in walking. Under 
supervision, she learned to walk well. When her prosthesis was changed to a suction socket 
one year later, she persisted in showing a positive Trendelenburg on the amputated side. 
When she was put back into a conventional above-the-knee appliance with a pelvic band, 
she walked with a smooth, well balanced gait. 


We do not think final conclusions can be drawn for suction sockets in children. It 
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has been our experience that they have produced stump hypertrophy and increased 
redundaney of soft tissues 

The case of a twelve-vear-old boy, however, emphasized the virtues of the suetion 
socket in short stumps for children. His amputation had been performed after a railroad 
accident. He presented an extremely short femoral stump with four to five inches of a 
redundant soft-tissue mass. A suction socket was fitted and resulted in a good gait, despite 


an extremely short lever arm. It is our feeling that the soft-tissue mass increases the 


mobilization of the prosthesis 

In patients with congenital deformities resulting in shortening and angulation of a 
lower extremity whose parents refuse surgical conversion, modified conventional appli- 
ances have been employed. Molded leather foot buckets and open lace cuffs will support 
and disguise the abnormalities. It is believed, however, that these modified prostheses are 
less satisfactory than the conventional appliances. As growth continues and bony prom- 
inences develop in skeletal parts, friction and pressure to overlying skin will complicate 
the problem. Surgical amputation or disarticulation are methods of choice and should be 


planned to include a long period of care 


SUMMARY 


One-hundred and ninety-two children have been studied in a Juvenile Training 
Program. Of 128 surgical amputations, revision for extensive or poorly placed scar was 
not necessary. There have been no tenotomies or re-amputations to further mobilize 
stumps. Bone overgrowth requiring surgical correction has been encountered in eight cases 
to date. Four neuromata have been sufficiently discomforting to be removed. There have 
been no operations for removal of spurs. Suction sockets, when properly fitted, in children 


are superior to the conventional above-the-knee prosthesis. 


DISCUSSION 


Dr. Thomas, Denver, Cotoravo: This, in my opinion, is a most worth-while paper. experience 
with so many cases of amputation in children is indeed rare for the average surgeon, and the literature on 
this phase ol amputation is meager 

Decisions on the desirability of carrying out definitive amputation surgery in children with marked 
shortening and deformity resulting from severe congenital defects are often difficult. Also, the selection of 
the proper prosthe tic device for juvenile amputees and determination of the best time for fitting them pre- 
sents serious problems. [It is my opinion that in many such cases it is far preferable to carry out early radical 
surgery, carefully designed with due consideration for prosthetic requirements, for example, the amputation 
of «a useless foot in «a very short leg, followed by the fitting of a conventional artificial limb, rather than 
the attempt to use a complicated, bulky, unsightly extension shoe and brace on the shortened and deformed 
limb 

I am in complete agreement with the speakers’ statement that prostheses for both upper-extremity 
and lower-extremity amputees should be fitted to these children as early in life as possible, so that the child 
grows up with his prosthesis and it becomes an integral part of him 

I am also impressed with the value of thorough training in the use of the prosthesis in these juvenile 
cases, especially in the upper-extremity amputee, and with the necessity for frequent follow-ups for inspec- 


tion, adjustment, and necessary repairs of the prosthesis, as was emphasized by the authors 


Dr. Jerome Lawrence, New York, N. Y.: The prime characteristic of the juvenile amputee whose 
amputation takes place during the growth period is later atrophy and hypoplasia of soft tissue and bone. 
The treatment for this is early application of a prosthesis and restitution of function. One of the most 
difficult problems in applying a suction-socket prosthesis to the adult is hypoplasia and atrophy of the 
muscles of the above-the-knee stump. This is encountered when the child has not had the opportunity to 
use a prosthesis early in life. The early application of a suction-socket prosthesis does more to counteract 
hy poplasia of muscle tissue of the thigh than the conventional type of prosthesis It makes the muscle hy per- 
trophy and augments growth of bone. However, in the application of the suction-socket prosthesis to a 
growing child, it is necessary to have frequent follow-up visits. As changes in the stump take place, it will 
be necessary to correct the socket, since 4 suction-socket prosthesis requires & perfect fit 


I have found this paper very interesting and instructive. 
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PRIMARY TORSIONAL FRACTURE OF THRE RADIUS OR ULNA 
BY MICHAEL BURMAN, M.D., NEW YORK, N. Y. 


From the Hospital for Joint Diseases, New York 


This is the second of a series of papers on the mechanics of the forearm. The first * 
discussed the mechanical events which followed the operation of induced pseudarthrosis 
of the radius in congenital radio-ulnar synosteosis. This operation, actually an induced 
torsional ostectomy of the radius, demanded the analysis of primary torsion of the radius 

or ulna) in the general situation. This will be given elsewhere * in a study on paralytic 


supination contracture of the forearm and the torsional osteotomy of the radius or ulna 


which pronates the forearm. The following paper discusses the primary torsional fractures 
of the radius and ulna which follow an externally applied torsional force, with comments 
on secondary torsion of the radius by muscle pull. The thread of the writer's thought 
ends in the concept of paired-joint motion, specifically applied to the forearm in this 
paper and in the papers on paralytic supination contracture of the forearm and the so- 


| 


PINATLON (A) TO PRONATION (A’) 


Fic. 1-A Fic. 1-B Pia 


Fig. I-A: The physiological cone is generated by the revolution of the mechanical triangle of the 
forearm (triangle EFG). The line, EG, which joins the center of the head of the radius with the center 
of the head of the ulna is the mechanical axis or fixed leg of the right triangle. The hypotenuse is the 
longitudinal axis of the radius. The rotating leg, #G, the line of the articular surface of the radius 
prolonged to the mid-point of the ulnar head, makes a right angle with the fixed leg (Reproduced by 
permission from Bulletin of the Hospital for Joint Diseases, Vol. 13, p. 304, 1952.) 


Fig. 1-B: A cone is the surface made by the revolution of a straight line passing through the origin 
of a three-coordinate system and making a given angle with the axis about which it is swung, in this 
case, the Z-axis. (This diagram is modified from Figure 140 in Elementary Calculus, by F. 8. Woods 
and F. H. Bailey ?.) In a more limited meaning, a cone is swept out by the hypotenuse of a right 
triangle the fixed leg of which is the axis of motion. (Reproduced by permission from Bulletin of the 
Hospital for Joint Diseases, Vol. 13, p 303, 1952.) 


Fig. 2: The mechanical triangle, ABC, is the right triangle of a family of triangles with a common 
side, AB. It is never similar to or equal to the anatomical triangle in supination, ABD. The rotation 
of the mechanical axis BC through the are CE cuts the ulna at the coronoid process. The length of 
the mechanical axis equals the effeetive length of the ulna. (Reproduced by permission from Bulletin 
of the Hospital for Joint Diseases, Vol. 13, p. 805, 1952.) 
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Fig. 5 


Fig. 3: The by-passing operation in congenital proximal radio-ulnar synosteosis creates a new proxi- 
mal radio-ulnar joint by resection of a segment of the radius below the synosteosis. The forearm is 
looked at from below and toward its volar side. The half cone is generated only in a volar direction 
The distal end of the radius, as it generates the cone, angulates dorsally and ulnarly. (Reproduced by 
permission trom Bulletin of the Hospital for Joint Diseases, Vol. 13, p 309, 1952.) 


Fig. 4: A new proximal joint has been established in the (synosteotic) radius at A. The ulna becomes 
longer than the radius. It is necessary to shorten the ulna to re-establish length equivalence between 
the two bones the dysequivalence of which is made manifest by radial deviation of the hand and ulnar 
deviation of the osteotomized distal part of the radius and the mechanical axis. Since the mechanical 
triangle, ABCE, is incomplete, a frustum of a cone is generated by the revolution of AB about CE, 
the distal mechanical axis. The proximal part of the radius, FJ, is fixed, and cannot rotate about the 
proximal mechanical axis, #G. To measure the excess length of the ulna, drop a perpendicular, AE, 
from the proximal end of the freed radius to the mechanical axis. CE rotated cuts the ulna at D. CE 
equals CD) s h is the distal effective length of the ulna. FG, with F as the fixed center, transects 
the ulna at df FG, with G as the fixed center, cuts the ulna at the coronoid process or 1. Hl is the 
proximal effective length of the ulna. The shaded segment, DH, is the excess length of the ulna. This 
is true for any position of the mechanical triangle, since the mechanical axis which ean move is a radius 
of a cirele with its center at C, the center of the ulnar head. (Reproduced by permission from Bulletin 
of the Ho. pital for Joint Diseases, Vol. 13. p 308, 1952.) 


Fig. 5: The radius has been cut at D. The incomplete mechanical triangle tilts ulnarly on the fixed 
point of the center of the ulnar head. A frustum of a cone is generated. The mechanical triangle ts 
completed by the proximal growth of the new radius. The mechanical block of the synosteotic radius 
deviates the growing radius ulnarly. The triangle is completed and a frustum of a cone surmounted by 
i cone is generated. The growth of the new radius is such that it is never the length of the original 
radius, BC. The arrows indicate the’direction of growth of the original radius and the new radius 
(Reproduced by permission from Bulletin of the Hospital for Joint Diseases, Vol. 13, p. 311, 1952.) 


called luxation of the head of the ulna. Finally, the coneept of paired-joint motion is 
generalized and applied to the solution of the problem of low-back pain and scoliosis. 

The mechanical axis of the forearm (Fig. 1-A) is the line which joins the center of 
the head of the radius and the center of the head of the ulna. It is the stable leg of the right 
triangle of which the hypotenuse is the axis of the radius and the rotating leg of which 
is the base of the radius extended to the center of the ulnar head. The rotation of the 
radius generates a cone (Fig. 1-B) or more properly a half cone which is volarly placed. 
The vertically paired proximal and distal radio-ulnar joints move synchronously. (‘This 
pairing is vertical, for one joint is placed above the other, in contradistinction to the hori- 
zontal pairing of the apophyseal joints of the spine.) The head of the ulna moves dorsally 
in pronation and volarly in supination. 

The rotation of the mechanical axis on the fixed point which is the center of the ulnar 
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Fig. 6: The cone ABD is the physiological cone of revolution. The radius is then eut at #. The new 
radius, AF, tilts ulnarly through the angle 6 to A’E’. The mechanical triangle rotates ulnarly through 
the angle 0, the fixed point of rotation being the center of the head of the ulna. Since the mechanical 
triangle becomes incomplete by the section of the radius, a frustum of a cone, #’F'A'B’, is generated. 
In time, the mechanical triangle is completed by the growth of the proximal end of the new radius and 
«a cone is generated. In this diagram, the new cone, A‘B'D’, is made congruent to the physiological 
cone, ABD. This cannot take place, for the proximal svnosteotic radius blocks the growth of the distal 
radius. (Reproduced by permission from Bulletin of the Hospital for Joint Diseases, Vol. 13, p. 315, 1952.) 


Fig. 7: The frustum surmounted by a cone. (Reproduced by permission from Bulletin of the Hospital 
for Joint Diseases, Vol. 13, p. 315, 1952.) 


head cuts the ulna at the coronoid process. The length of the mechanical axis equals the 


effective length of the ulna, or the length of the straight line joining the mid-part of the 
coronoid process with the center of the ulnar head. A length equivalence is thus established 


between the radius and the ulna (Fig. 2). 

Sometimes it is necessary to establish a new paired-joint system, either for the 
moment, as during a corrective osteotomy, or permanently, especially when the proximal 
radio-ulnar joint is fixed because of synosteosis. A fundamental rule of paired-joint motion 
states that restraint or abolition of one joint of a pair restrains or abolishes motion of 
the other. 

A permanent, new paired-joint system is desirable in proximal congenital radio-ulnar 
synosteosis. This can be achieved by the by-passing operation which makes a neo-arthrosis 
below the synosteosis (Fig. 3). As discussed in a previous publication, the mechanical 
axis of this new paired-joint system is the line which joins the center of the new joint with 
the center of the ulnar head (Fig. 4). At any level of section, there is ulnar angulation 
of the radius by reason of the greater length of the ulna. This ulnar angulation of the 
radius is the greater, the more distal the level of its section. The mechanical axis is also 
tilted ulnarward (Fig. 5). The ulna is therefore shortened to re-establish length equivalence 
in this operation. Retation of the forearm then generates the frustum of a cone which 
approximates the physiological cone if the radius is cut as high as possible (Figs. 6 and 7). 
Finally, since the radius is an element of the volarly placed cone, it angulates dorsally as 
well as toward the ulna. 

A temporary new paired-joint system is created by torsional osteotomy of the 
radius in fixed paralytic supination contracture of the forearm. The mechanical axis 
joins the center of osteotomy with the center of the head of the ulna. Since the ulna 
is not ordinarily shortened, the rotation of the radius into pronation angulates the radius 
ulnarly and dorsally, except when the radius is so long that its torque gives length equiva- 


lence between the two bones. 
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Fig. S: Axial twist of a rod of rectangular cross section about its longi- 
tudinal axis 
Fig. 0: Non-axial torsion of a straight rod 


The angle of ulnar angulation is less, the more proximal! 
the level of osteotomy. The radius heals in a twisted or 
torqued position. The angle of torque of the radius in para- 


lytic supination contracture after osteotomy of the radius is 
ISO degrees, or half a cirele. 

In either case the radius must angulate ulnmarward, be- 
cause it is an element or generator of the conical surface 
(Figs. 1-B and 3) 

The nature of torsion itself needs discussion. A bone is 
torqued about a fixed point of torque or twist either axially 


or non-axially. In axial torsion, the longitudinal axis of the 


fixed fragment remains collinear with the longitudinal axis of 


the fragment which is turned about the stable point of twist 
Pie. 8 Pie. 9 (Fig. 8). Axial rotation, which is the analogue of axial torsion, 
is the characteristic of a one-bone, paired-joint system, a good 
example of which is the clavicle joining the paired acromioclavicular and sternoclavicular 
joints. In non-axial torsion, the longitudinal axis of the fixed fragment is not collinear 
with the longitudinal axis of the turning fragment in which any most distal point describes 
a circle. The figure generated in space by the moving fragment is a cone (Fig. 9). Non- 
axial rotation is the characteristic property of the vertically patred joints of a two-bone 
system, a typical example of which is the paired radio-ulnar joints of the forearm. Non- 
axial torsion, either pathologically induced as in fracture or deliberately by osteotomy, 
is the analogue of non-axial rotation (cireumduction). 

In any torque, half torsion takes place if the lower half of a rod or bone is twisted on 
its fixed upper half, or conversely. This concept is important, for in all the examples cited 
in this paper, the proximal half of the bone does not itself twist. It is the distal half of 
the bone which is twisted 

The point of torque is constant in a given case, for it is the point at which twist takes 
place. The spiral line of fracture follows the direction of twist and hence indicates this 
direction, Its most proximal point is the point of torque 

Whole torsion takes place when each half of a rod is twisted in opposite directions, 
a concept important to remember in scoliosis 

With these concepts in mind the mechanism of primary torsional fractures of the fore- 
arm can be understood more readily. This uncommon fracture follows an active twisting 
foree applied to the forearm distally, a foree which demands a greater rotation of the 
forearm in supination or pronation than is physiologically possible 

Four situations of torque are possible: 

1. The radius undergoes non-axrial torsion. The point of torque is more distal than 
proximal, sinee the force is applied distally. The radius, which is the moving bone, breaks 
spirally, since a spiral line of fracture is the expression of the strain of twist. (The reader 
may twist a tongue blade, holding one end fixed, to confirm this.) The inferior radio- 
ulnar joint is disrupted. In hyperpronational twist, the ulnar head is displaced dorsally ; 
in hypersupinational twist, the ulnar head is moved volarly. The movement of the ulnar 
head is the exaggeration of the normal dorsal movement of the ulnar head in’ pronation 
and of its volar movement in supination. Actually, only the radius breaks spirally by 
hyperpronational movement. The author has not seen a torsional fracture of the radius 
due to hypersupination 

Reduction of the fresh torsional fracture follows the simple manoeuvre of untwisting 
the bone. The forearm is supinated in fracture by pronational twist, the bones regaining 
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Fie, 12 

Fig. 12: Roentgenograms of December 17, 1948. A segment of the radius had been resected on 
March 1, 1947, below the left congenital radio-ulnar synosteosis (operation of by-passing neo-arthrosis 
and each stump had been « apped witha cup ol lucite. The periosteum was locally resected. A segment of 
ulna was removed on April 10, 1948, to give length equivalence between the radius and ulna. The ulnar 
angulation recurred. The distal fragment angulated dorsally by reason of the volar tilt of the cone 
of revolution, (Used by permission ol the Bulletin of the Hospital for Joint Diseases 

Fig. 13: Roentgenogram of October 13, 1949. Combined ostectomy of the radius (the by-passing 
operation) and resection of an equal segment of the distal part of the ulna were done on August 9, 
1048. Since there was length equivalence between the radius and the ulna, the radius did not angulate 
ulnarly. However, it angulated dorsally. (Used by permission of the Bulletin of the Hospital for Joint 


length equivalence. The ulnar head is automatically reduced. In old fractures which 


have healed in the twisted position, an osteotomy is needed to detorque the radius and, 
if the ulnar head cannot be reduced, it should be resected. 


Case 1. A woman, fifty vears old, caught her right forearm in a washing machine on July 15, 1951, as it 
became entangled in the folds of a tablecloth which she was pulling out of the machine. The forearm was 
hyperpronated with considerable force for about two minutes until her maid stopped the machine. She was 
seen two hours after the accident. The hand was radially deviated by the longer ulna. The ulnar head was 
prominent dorsally by diastasis of the inferior radio-ulnar joint. The forearm was pronated and the radius, 
broken spirally in its lower third, was angulated ulnarward and hence shortened. The roentgenograms of the 
forearm confirmed the torsional fracture of the radius and the separation ol the distal radio-ulnar joint (Fig 
10-A). The fracture was reduced under general anaesthesia by supination of the forearm. This simple manipu- 
lation lengthened the radius by detorquing it and reduced the head of the ulna 

The plaster was removed on August 29, 1951. The patient was then given physical therapy. A stellate 
ganglion block was done on September 8 to abolish swelling and stiffness of the hand and fingers. Treatment 
was discontinued on November 27. When the patient was seen again on January 16, 1952, the fracture was 
well healed (Pig. 10-B). She complained of vague pain on the ulnar side of the ulnar head and of some stiffness 


of the fingers. The appearance ol the forearm was normal and the ulnar head was in goo | position Supination 
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Fig. 14: Spiral fracture through tae neck of the 
left ulna by forced supination of the left forearm. 
This roentgenogram was made on February 15, 
1951, a day after injury. Note that the forearm is 
supinated 

Fig. 15: Roentgenogram of a spiral fracture of 
the tibia and fibuin nine weeks after injury. The 
tibia has broken distally and the fibula proxi- hig. 15 
mally, the point of torque being either the fixed 
knee joint or a point just below it. The fracture lines, being collinear except for the interruption of the 
interosseous membrane, run in the same direction in the anteroposterior view. The lines of fracture are 
parallel in the lateral view. The direction of torsion is decided by the direction of the spiral line of 
Iracture 


of the forearm reached 85 degrees and pronation 75 degrees. Because of lax ligamentous structures, both 
hands could be rotated about LO degrees farther in both supination and pronation. Finger motions were full 
and easy. The right grip measured thirty-six pounds and the left forty-four pounds in this right-handed 


person 


Deliberate torsional osteotomy of the radius to pronate the forearm in paralytic 
supination contracture or osteotomy to supinate the pronated forearm of congenital 
proximal radio-ulnar synosteosis is the equivalent situation. Thus, after osteotomy of the 
radius to correct a paralytic supination contracture of the forearm, the distal fragment 
angulates ulnarward and dorsally by non-axial torque. A roentgenogram (Fig. 11) showed 


the torqued and angulated bone after such an osteotomy. The angulation of the radius is 
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Fig. 16: A diagram of a supinated right forearm illustrating the presumptive 
combined primary torsional fracture of the radius and ulna. This postulated fracture 
undoubtedly exists and should be sought for 
secondary to the torque. Similarly, the distal fragment of the radius 
is angulated dorsally and ulnarly in the operation of by-passing 
neo-arthrosis in congenital radio-ulnar synosteosis (Fig. 12). The 
radius is not angulated ulnarward if length equivalence bet ween the 
ulna and radius is maintained (Fig. 13). 

2. The radius is twisted non-arially, but the ulna is twisted 
axially at about the level of the radiat fracture. This situation is induced 
operatively by osteoclasis of the bones of the forearm in paralytic 
supination contracture. 

3. The radius is held fired and the fore of torque is expt nded on 
the ulna, which is axially twisted and broken spirally. 

In two patients with congenital radio-ulnar synosteosis, the 
forearm Was manipulated into supination after the synosteosis was 
operatively freed. The ulna broke spirally in its shaft. 


Case 2. A man, twenty-two years old, had bilateral congenital proximal 


y \ 
\ } \ \ synosteosis between the radius and ulna. The svnosteosis on the left was released 


on May 13, 1941, and the proximal third of the radius, including its head, was 


F 16 resected. The stump of the radius was capped with a Vitallium cup. The forearm 
ria. 
: : could not be turned, even after this extensive procedure. Manipulation of the 
forearm broke the ulna spirally at the juncture of its middle and distal thirds. (This case is presented by the 


courtesy of Dr. Henry Milch.) 


Case 3. A more extensive procedure was carried out in a boy of thirteen with a congenital proximal 
radio-ulnar synosteosis on the left. The separation of the synosteosis gave supination of only 5 degrees. A 
segment two centimeters long was resected from the most proximal part of the radius and fascia lata was 
interposed between the two bones. The inferior radio-ulnar joint Was stripped ofits ligaments Ostectomy ol 
the lower part of the radius, aprarently to correct bowing of this part of the bone, was done, a piece one-hall 
inch long being removed. Manipulation of the forearm into full supination resulted in a spiral fracture of the 
upper third of the ulna. (This cave is presented by courtesy of Dr. Leo Mayer.) 


In forced supination by trauma, a spiral fracture of the neck or the distal third of the 
ulna takes place if the radius is unable to turn, or a strain of the distal radio-ulnar joint 
will result, with or without volar luxation of the ulnar head. (This is to be differentiated 
from the fracture of the ulnar neck which takes place in Colles’ fracture. In 800 roent- 
genograms of broken wrists, Kopasz found the ulnar neck broken twenty-four times. 

The author has seen no example of ulnar fracture by forced pronation of the forearm. 

One of the two cases of spiral fracture of the neck of the left ulna caused by such 


forced supination which the author has seen is described 


Case 4. A man was held up on February 14, 1951, and in the course of the assault sustained a spiral 
fracture through the neck of the left ulna (Fig. 14). This area was painful and swollen the next day. Supina- 
tion of the forearm reached 00 degrees and pronation 20 degrees. Rotation of the forearm provoked pain The 
forearm was immobilized by plaster in full supination tor two weeks. He had no complaints when he was seen 
on March 13, 1951, but pronation was 0 degrees and supination 75 degrees 

It was believed that he had sustained a forced torsion of the ulna in supination while the forearm was 
held and twisted by his assailant. The man could not speak English and did not remember the details of the 
injury 


The forearm should have been pronated to achieve proper reduction rather than supi- 
nated which maintained the displacement by torque. The forearm was pronated in the 
second case example of this fracture. This manoeuvre gave adequate reduction. 

1. The fome torques the two bones as if they were one. The fracture is spiral or not. 

When it is not spiral, the two bones are broken at approximately the same level. The 
radius undergoes non-axial torsion and the ulna undergoes axial torsion. There are two 
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situations. Either the bones are not angulated at the site of the fracture or they are 
angulated. Unit torque of the two dorsally angulated bones places the angulated radius 
Volarly and the angulated ulna dorsally. The author has not seen the opposite situation 

\ spiral form of fracture is possible when the torque acts on a forearm the radius of 
Which is fixed. A comparable fracture is seen in the leg. The fibula, which is the analogue 
of the radius, cannot rotate and the foree of the torque breaks both bones spirally, the 
continuity of the line of fracture being interrupted by the interosseous membrane (Fig. 
15). Since the foree is applied distally, the tibia is broken lower than the fibula. The fixed 
point of torque must be high (the fixed knee) in such a fracture. 

By analogy, a similar fracture may exist in the forearm, although the author has 
never seen it (Fig. 16). The point of torque would be high. If the point of torque is assumed 
to be the fixed elbow joint or a point near it, both bones might break spirally, the radius 
distally and the ulna proximally. The two lines of fracture would run in the same direction 
and would be collinear, although they would be interrupted by the interosseous membrane. 
Actually, forced supination of the svnosteotic forearm in proximal congenital radio-ulnar 
svnosteosis either results ina spiral fracture of the ulna or dislocates the elbow joint |. 

In either the production or the correction of torsional deformities of the forearm a 
paired-joint system must be established. This is true both in torsion fractures resulting 
from accident or manipulation and in torsional osteotomy of the radius for svnosteosis of 
the forearm or contracture. This concept of joint-pairing is therefore of importance in the 
understanding of torsional fractures. There are four possible forms of joint-pairing in the 
forearm: 

1. Normally, the two radio-ulnar joints pair, giving synchronous motion in each joint 
about a mechanical axis which runs from the center of the head of the radius to the center 
of the head of the ulna. Fixation of one joint abolishes motion of the other 

2. After osteotomy of the radius in fixed paralytie supination contracture of the 
forearm or radial ostectomy in congenital radio-ulnar synosteosis, the mechanical axis 
of the new paired-joint system, whether it is temporary or permanent, runs from the center 
of the site of osteotomy of the radius to the center of the ulnar head. The radius angulates 
Wnarward unless length equivalence between the radius and the ulna is restored by re- 
moval of an adequate section of the ulna. The lower the point of torque, the greater is the 
angulation in dysequivalent length, for the longer ulna thrusts the hand radially. 

If both bones are broken at approximately the same level, it is impossible to get cross 
union in such a way that the distal fragment of the ulna comes into contact with the 
proximal fragment of the radius and the distal fragment of the radius with the proximal 
fragment of the ulna. The osteotomized radius twists non-axially and the osteotomized 
ulna twists axially. This effort was made by Bayer, who, after osteotomizing both bones 
of the forearm to supinate « forearm held rigidly in pronation by congenital radio-ulnar 
synosteosis, expected but failed to obtain this cross union. 

4. When the ulna is osteotomized and twisted axially with the proximal radio-ulnar 
joint tree, the mechanical axis runs from the center of the head of the radius to the point 
of torque in the ulna. This operation was devised by Milch* to bring the pronated forearm 
into some supination, He talked of an ‘en bloc” movement of the forearm, but actually a 
new paired-joint system, albeit temporary, was created. A limited non-union of the ulna 
is not physiologically disturbing. This took place in one of Mileh’s cases. Fisher found 
almost normal rotation of the forearm in a sixteen-year-old boy, who, after a compound 
fracture of both bones of the forearm at their mid-part, was left with non-union of the 
ulna. The distal fragment of the ulna was fused proximally to the radius. 

4. When both radio-ulnar joints are fixed, rotational osteotomy will sueceed only if a 
paired-joint system is produced. A segment of the radius proximally and a segment of the 
distal part of the ulna (or the head and neck of the ulna after closure of its epiphysis) are 
excised. 
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OF THE FOREARM 


PORSIONAL DEFORMITY 


SECONDARY 


Secondary torsional deformity of the radius is well described by Evans, whose paper 
should be consulted by the interested reader 

Roentgenographically, it is easy to distinguish primary torsional fracture from the 
secondary form. tn primary torsional fracture, the fracture line of the radius is spiral and 
the fragments are separated slightly. The radius is angulated ulnarly. There is no cross- 
sectional incongruence, since the line of break is not transverse. The fracture of the ulna is 
likewise spiral, but, whereas the radius turns non-axially, the ulna can turn only axially. 
Whether the fracture is recent or old, torsion is recognized by the change in relation be- 
tween intrinsic bony landmarks. In secondary torsional fracture, the fracture line is not 
spiral. There is cross-sectional incongruence and change in the relation between intrinsic 
bony landmarks. The degree of ulnar angulation of the radius is less, for less of a cone is 
swept out 

The ultimate effect of torsion is a lack of full rotation of the forearm. The angulated 
radius may strike the ulna during rotation, producing a mechanical block. The angulated 
and torqued radius disturbs the synchrony of the are of movement of the paired joints. If 
the upper fragment is assumed to be in almost full supination and the lower in partial 
pronation, the limit of full supination is soon reached and only the stretching of the 


proximal radio-ulnar joint can give more supination, 
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TRAUMATIC SUBCUTANEOUS RUPTURE OF THE 
TIBIALIS ANTERIOR TENDON* 


BY MERRILL C. MENSOP, M.D., AND GEORGE L. ORDWAY, M.D., SAN FRANCISCO, CALIFORNIA 


A review of the literature through 1952 reveals only ten cases of subcutaneous rup- 
ture of the tibialis anterior tendon. Because of the rarity of recorded cases in the American 
literature, it was deemed instructive to discuss the nature of the entity and to add two 
cases in which surgical! treatment was successful. 

As stated by Bunnell and by MeMaster, a normal musculotendinous mechanism 
may rupture in one of four locations. In order of frequency these are: (1) the insertion (by 
rupture of the tendon fibers or avulsion of a fragment of bone); (2) the musculotendinous 
juncture; (3) the muscle belly; and (4) the origin (in which rupture is rare). The force 
and leverage required are considerable, with a large safety factor above the coordinated 
muscle effort of the individual. In sharp contrast to this, a tendon showing pathological 
changes may be ruptured following even slight trauma. This has been graphically demon- 
strated by Meyer on the shoulder joint and has been repeatedly observed by nearly all 
orthopaedic surgeons. 

Burman believed that there was some evidence that the normal anterior tibial tendon 
could rupture in its substance, but subsequent work has presented sufficient histological 
and clinical evidence to make this statement doubtful. 

In the cases available for review, the patients were all males between forty-six and 
sixty-nine years, with an average of fifty vears, except for one case of severe trauma in 
a worker twenty-five vears old reported by Els. This patient's foot had been caught be- 
tween cars, with a concomitant bone injury. 

The trauma may be severe to mild, tending to minimal in the older patients. In two 
of the reported cases, pathological reports confirmed the suspicion of antecedent degenera- 
tive changes. In two cases there was evidence of previous injury to the same area before 
rupture. In those cases showing incomplete loss of tendon continuity, due either to previ- 
ous injury or to degenerative changes, the final rupture may be preceded by several 
transient episodes of pain in the region of the involved tendon, followed ultimately by a 
snapping sensation and pain indicating complete rupture. A similar history has been ob- 
tained, not infrequently, in injuries to the tendo achillis and demonstrates that with 
continued activity, optimum regenerative powers for satisfactory union do not develop in an 


injured tendon. The majority of the cases reported followed a fall or twisting injury in which 


there was sharp plantar flexion of the foot. The most common mechanism is one in which 
the patient catches his heel on some object and slides down with the foot in plantar flexion. 

The trauma is associated with a sharp pain over the front of the ankle and foot, ac- 
companied by a snapping sensation, Inability to maintain weight-bearing is immediate 
because of pain and a feeling of weakness in the foot. The patient may recover sufficiently 
within half an hour to walk, but notices a lack of coordination, a variable ‘‘slapping”’ of 
his foot, or a tendency to stub his toes. In the average patient, the adjustment to the 


injury is progressive, so that within a relatively short time he may be able to carry on 
ordinary activity with little obvious handicap. This is in marked contrast to the severe 
disability in cases of poliomyelitis with paralysis of the anterior tibial muscle. In this 
disease, it is the exception rather than the rule to find an isolated paralysis of a single 
muscle, while in traumatic rupture in an otherwise normal leg, the compensatory action 
of the remaining extensors and peroneals restores a fair grade of equilibrium 

On physical examination, complete rupture reveals a defect, which is both visible 


* Presented before the Western Orthopedic Association, Coronado, California, October 16, 1952. 
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Fig. 1-A 


Schematic drawing demonstrating the absence of the tibialis anterior tendon, surgical approach, 
and pathological findings in Case | 


and palpable, between the annular ligament and the insertion of the tibialis anterior 
tendon. The proximal end may be felt as a bulbous enlargement above or below the an- 
nular ligament. In recent injuries, the usual eechymoses and tenderness over the site 
of rupture are present. The patient complains of weakness of the foot and some limitation 
of dorsiflexion and his gait demonstrates a variable degree of foot-drop. 

In the chronic cases, the range of dorsiflexion may be reduced by LO or 15 degrees 
from the patient's normal range. The degree of defect and disability may be evident, 
especially when the patient is asked to walk on his heels 

Of the ten cases reported to date only four were subjected to surgery; this again 
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RUPTURE OF THE TIBIALIS ANTERIOR 


Catheter and proximal end 
of tendon joined by 
wires. 


ip) 
Burial 


wires pulled through 
Navicular bone. 


Doth ends of Tendon anchored, 
Skin incision closed. 
Fic. 1-B 


Schematic drawing demonstrating the method of repair of ruptured tendon in Case | 


illustrates the accommodation to the injury developed. Conservative treatment has been 
successful but not complete, especially in cases in which the recognition of the injury was 
late and the patient was elderly. However, in those patients who responded well to treat- 
ment without surgical intervention, there is the possibility that the rupture had been 
incomplete. One of the patients operated upon by Lapidus was in this category and might 
have obtained a good functional result under conservative treatment. 

It seems definite, however, that operative repair is the procedure of choice in younger 
and middle-aged patients with complete tears. This surgery requires sufficient exposure 
along the course of the tendon to secure the proximal end, mobilize it, and approximate it 
to the distal portion. Exposure from the annular ligament to the insertion is usually suf- 
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Fig. 2-A: February 6, 1952. Photograph 
showing ruptured tibialis anterior and char 
acter ol pathological changes of proximal por- 


tion in Case 2 


Fig. 2-B: April 11, 1952. Photograph show- 
ing the end result in Case 2, with restoration 
of motor power of the tibialis anterior 


ficient; this was true in the reported 
cases and in the authors’. However, 
in both of the authors’ cases, it was 
necessary partially to incise the dor- 
sum of the tendon tunnel beneath the 
annular ligament, in order to restore a 
free gliding mechanism. If the tear is 
found at or near the insertion, the 
tendon should be fixed to bone as 
close to its original insertion as possi- 
ble. If there is a considerable gap, 
tendon-grafting may be performed by 
substituting the extensor of the fifth 
toe or the proximal portion of the tibialis anterior tendon; the latter is split, starting near 
the muscle belly, and used as a graft. Moberg suggests that in chronic cases, when a 
marked degree of muscle contracture has developed as a result of prolonged retraction, 
the diastasis can be bridged by use of the tendon of the extensor hallucis longus; the 
stump of the proximal portion of the tibialis anterior is sutured to this tendon, which is 
sectioned with sufficient length to allow it to be brought through the annular ligament 
and attached to the distal fragment of the tibialis anterior or its insertion. The distal 


portion of the extensor hallucis is then inserted to the long extensor of the second toe 


In the two cases of recent injury reported here, repair was easily accomplished in 
both patients without tendon graft or transfer. In the first case reinsertion of the proximal 
tendon by a “trap-door’’ procedure was possible; stainless-steel wire was used. In the 
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TABLE I 


Suumary or Reports or TEARS OF ANTERIOR TIBI aL TENDONS 


Author Age Injury Treatment Remarks 


Briining 15 Twisted foot Operation Seen one year after injury 
hls 25 Caught foot in train Heat, massage, and Associated fracture. 
accident foot support 
Burman 69 Twisted foot in fall Rest Seen one vear alter injury. 
Burman 1s Kicked object Suture 
Lapidus 16 Twisted foot Tendon-grafting 
Lapidus 16 = Slipped on stairs Tendon-grafting Not recognized immedi 
ately. Histological ex- 
amination 
Moberg 50 Fall Conservative Seen 7 weeks after injury 
Moberg 15 Blow from iron girder Cast Associated metatarsal 
fracture. Seen S years 
after injury. 
Moberg Fall Suture Seen one month after 
injury. 
Moberg 62 Fall Suture Histological examination, 
Mensor and Ordway 59 = Caught foot and fell Suture Seen 6 days after injury. 
backward 
Mensor and Ordway 4 Twisted foot on steps Suture Seen 2 weeks after injury. 


second case, continuity was restored by stainless-steel wire according to the Bunnell tech- 
nique. The use of stainless-steel wire instead of silk, in our opinion, minimizes the tendon 
reaction and avoids the possibility of a draining sinus as reported in the ease of Lapidus. 
The leg is placed in a cast for three weeks, after which assisted active motion, followed by 
active use two weeks later, is carried out. The majority of patients show recovery of 
good function in two months and complete recovery within six months. 


REPORT OF CASES 


Case 1. Mr. J. F., a white American longshoreman, filty-nine years old, was in good health and without 
history of previous injury until November 6, 1951. On this date he was lifting, caught his foot in a pipe, and 
fell backward. The foot was thrown in full plantar flexion and he felt a sharp pain around the ankle. Walking 
was painful and he began to walk with a flat-foot gait. He reported to the authors two days later, when the 
findings typical of a rupture of the anterior tibial tendon were noted. He was hospitalized and operated upon 
on November 12, 1951 

\ curved incision was made longitudinally over the metatarsocuneiform articulation and the distal 
course of the anterior tibial tendon. The insertion was found to be completely intact for about 1.5 inches. On 
further exploration, the proximal end of the tendon was found at the level of the malleoli within the tendon 
sheath. The end was fraved and eechymotic within the sheath. The sheath was opened, a stainless-steel wire 
was placed in the torn end by the Bunnell method, and the end was threaded through the vacated sheath and 
drawn through. The tendon was then fastened to the distal end of the navicular bone with the wire, after a 
trap door had been made in the bone with an osteotome. After the frayed distal end of the tendon had been 
plicated to the adjacent fascia and ligament, the wound was closed and the leg was immobilized in a plaster 
cast, in a position of inversion and dorsiflexion, for three weeks. At this time daily rehabilitation exercises 
were begun, the leg being kept in the bivalved cast between exercises for two weeks, After that time active 
use of the foot was begun with the aid of crutches. By the end of two months the patient was walking well and 
by the end of three months he was able to return to his regular employment w ithout evidence of disability. 


Case 2. Mr. H. R., a white American, fifty-four years old, was standing on the edge of the steps of a 
hotel on January 15, 1952, intending to walk down the next step backward. He lost his balance, missed his 
footing, and twisted. In so doing, be felt a sudden sharp pain from the ankle up the lateral aspect of his leg 
near the shin bone. This was followed by pain, slight swelling, and inability to walk in a normal manner, 
The pain and swelling subsided in two weeks, at w hich time he was referred to the authors. He still complained 
of instability in walking. On physical examination he disclosed a typical steppage gait on the left and evi- 
dence of foot-drop. The normal contour of the anterior tibial tendon was absent. There was a bulge above the 


region of the transverse crural ligament. He was unable to dorsiflex and invert his foot. Surgery was advised 
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\ repair of the tendon was performed on February 6, 1952. A curved incision was made distally over the 
course of the anterior tendon from the cruciate ligament to the insertion. A large granulating mass along the 
course of the tendon was noted and was found to consist of pst udotendon, The tear, about one inch from 
the insertion, had been complete. After removal of the pseudotendon, the torn ends were approximated and a 
repair of the tear was made by means of the Bunnell technique, stainless-steel wire No. 34 being used. The 
leg was immobilized in « plaster cast, with the foot at a right angle and in slight inversion. The cast was 
bivalved three weeks later and daily active assisted exercises were started. At the end of six weeks, active use 
of the foot with the aid of crutches was permitted, followed in two weeks by free weight-bearing. At the last 
examination, six months after surgery, there were no subjective complaints and full function and power had 


been restored to the foot and anklk 


CONCLUSIONS 


Rupture of the tibialis anterior may occur in any portion of the tendon. The problem 
of the contributory effect of atresia, degenerative changes, or both, has not yet been solved. 

Primary operative suture, preferably with stainless-steel wire, is the treatment of 
choice. Recovery is prompt with little, if any, measurable permanent disability 
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DISCUSSION 
Tue Use ov HyALUuRONIDASE IN ORTHOPAEDIC SURGERY 
(Continued from page 608) 


mvositis ossificans by this method in soft-tissue hemorrhage in muscle-fiber tears should await further 
experience or collection of cases. This may be of help, but more specific cases are necessary. The usefulness 
of this material in the care of hemophilis “as reported by the authors, is remarkable and will be of great 
value. The authors have shown us an interesting and useful drug; they have reported specific cases illustrating 
its use in orthopaedic practice I congratulate them on this interesting and worth-while report 


Dr. J. Anserr Key, Sv. Lours, Missourr: Putting novocain in sprains may work for some, but it did 
not in the patients upon whom [T have tried it. It did not hasten the healing of the sprain and it made the 
patients a lot less comfortable. | do not like to inject anything, if I can avoid it, into «a traumatized area, 
although it is true that one does not often get an infection. Apparently the authors have had no difficulty 
with infection following the injection 

I have never had any difficulty in getting novoecain to the place where | want it in reducing fractures 
It may be, however, that hyaluronidase will make the local anaesthetic more efficient. We like novocain 
for fractures, but at the same time we do not get as good results, we think, as we do with the 
general anaesthetic 

Postoperative bleeding and hemophilia make a dispersal agent desirable, but T would like to know 
whether or not it tends to encourage this bleeding. What is needed in these conditions is something that will 
stop the bleeding, rather than something that will disperse the blood already there. Does hyaluronidase tend 
to increase it? 


(Continued on page 084 
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PARTIAL REFLECTION OF THE PECTORALIS MAJOR 


AN OPERATION TO INCREASE THE RELATIVE LENGTH OF SHORT ABOVE-THE-ELBOW STUMPS* 


By Robert Mazet, Jr... M.D., Veterans Administration 


From the Orthopaedic Service, Wadsworth Hospital, Veterans Administration Center, 


and the Department of Surgery, University of California, Los Angeles, California 


The soundness of the dictum “save all possible length” in amputations of the upper 
extremity is nowhere more forcefully demonstrated than in the fitting of a short above- 
the-elbow stump. A short above-the-elbow stump has been defined by the Artificial 
Limbs Research Project of the University of California, Los Angeles, as one in which 
between 50 per cent. and 30 per cent. of the humeral length remains (Fig. 1). [f less than 
30 per cent. remains, the leverage retained by the short humerus is usually insufficient 
to operate an above-the-elbow prosthesis. These short stumps must, therefore, be fitted 
with a shoulder-disarticulation prosthesis 

The funetional difference between the two types of prostheses to the wearer is rela- 
tively great. A shoulder-disarticulation prosthesis permits only limited shoulder-girdle 
motion (less than the amount possible with an arthrodesed shoulder) and partial seapulo- 
humeral flexion of the device without abduction or rotation, The above-the-elbow pros- 
thesis permits a full range of seapulothoracic motion, and a varying amount of scapulo- 
humeral motion, depending on stump length and strength. The wearer of an above-the- 
elbow prosthesis regains a much larger proportion of his lost funetion. 

It has been found that an adaptation of the tenotomy in the elbow and antecubital 
regions deseribed by Blair and Morris results in a relative increase in stump length. The 
raising of the axillary fold increases the length of the stump which can be included within 
the socket, as well as the length and power of the humeral lever. The consequent increase 
in length will, in some borderline cases, permit the patient to operate an above-the-elbow 
prosthesis. The increase of stump length is obtained by detaching the distal half of the 
insertion of the pectoralis major tendon from the humerus and folding it back on itself, 
An increase of an inch in relative stump length is readily attained. The operation has been 
performed on three arms in two patients. In each instance an above-the-elbow prosthesis 
was fitted instead of a shoulder-disarticulation type; the patient was thus provided with 
the increased function concomitant with the preferred prosthetic device. 


The Campbell Modulus 

A rule-of-thumb guide which is helpful in determining whether an amputee with a 
short above-the-elbow stump should be fitted with an above-the-elbow or a shoulder- 
disarticulation prosthesis has been developed by the Artificial Limbs Research Project. 
This has been designated the Campbell modulus.' It is an expression of the relationship 
of stump length to anteroposterior diameter at the axilla. When the length is 1.33 (or 
more) times the diameter, a short above-the-elbow prosthesis will, in most instances, 
prove functionally satisfactory (Fig. 1). 


Humeral length from the axilla to the end 1.33 


Anteroposterior stump diameter at the axilla l 


This is not an absolute equation. In the cases reported, the relationships were nearly 
It is, however, a good rough guide for the type of prosthetic fitting to be used. 


*Read at the Annual Meeting of the Western Orthopedic Association, Coronado, California, October 
18, 1952. 
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RESECTION OF THE DISTAL HALF OF THE 
INSERTION OF THE PECTORALIS MAJOR 


NORMAL 


LENGTH 


AXILLA 
TO END 


DISTA IRTION DE TACHE 
AND REFLECTED PWARD 

ic. 1 Fic. 2 

OPERATIVE TECHNIQUE 


The operation is done under local anaesthesia. A two-inch linear incision is made 
over the deltopectoral groove at the level of the insertion of the pectoralis major tendon. 
The deep fascia between the two muscles is divided. The deltoid and the cephalie vein 
are retracted laterally. The pectoralis insertion is exposed, and a clamp is placed behind 
it to prevent the cutting of the structures beneath. The distal half of the tendon is then 
freed from its humeral insertion. This is folded up onto the proximal half and is attached 
to it by interrupted chromic sutures (Pig. 2). The subcutaneous tissue and skin are closed 
in layers, and a small rubber dam drain is placed in the wound for forty-eight hours. 
A figure-of-eight dressing is applied with the stump abducted. Stump shrinkage is main- 
tained. Exereises are resumed after three weeks 

Cast 1. A man, sixty vears old, 
who, as a result of a railroad acei- 
dent, had been subjected, eleven 
years before, to a shoulder disarticu- 
lation on the right anda short above- 
the-elbow amputation on the left, 
presented himself, requesting pros- 
thetic fitting. He had never worn 
prostheses, A fibular intramedullary 
graft had been introduced into the 
very short humeral stump to in- 
crease its length. He had always 
had pain on the medial aspect ol 
the stump at the juncture of the 
graft and humerus. Tenderness was 
elicited at the palpable step be- 
tween the two bones. Phantom 
pain had persisted at intervals. The 
length from axilla to the end of 


bone wus two and au quartet inches 
big 
before operation 
Fig. 3-1: Photograph shows firmer stump the result of exer 
cising. The operative sear is just medial to the axillary fold toralis major was performed on 


Shoulder motion was unimpaired 
Partial reflection of the pee- 
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May 15, 1952. The wound healed readily, but stump and phantom pains were greatly increased after the 
operation. Because of this, prosthetic fitting was delayed for a series of local procaine injections and stellate- 
ganglion blocks. The postoperative stump length was three and a half inches, a gain of one and a quarter 
inches (Fig. 3-B). Fitting was finally accomplished on August 15, and prosthetic training was instituted 
Because of persistent stump pain and phantom pain, the patient was treated at the Pain Clinic at the Univer- 
sity of California. Some relief was obtained. Several subsequent adjustments of the socket have been necessary 
because of continued tenderness at the juncture of the graft and the humerus. Because this restricts the range of 


motion of the prosthesis, abduction is limited to 25 degrees. However, he is using an above-the-elbow prosthesis 


Case 2. A rancher, thirty-two years old, became entangled in a hay bailer eight months prior to admis- 
sion. Immediate bilateral mid-arm amputation had been performed. The left stump had healed per primam. 
On the right, a split-thickness skin graft had been nec ssary over the anterior aspect of the distal portion 
of the stump. There had been no infection, but an area, one-half of an inch in greatest diameter, at the 
proximal end of the graft had failed to epithelialize. He had had no stump-shrinkage or shoulder-mobilization 
exercises. Gradually lessening phantom pains occurred in both hands Shoulder-girdle motion Was unre- 
stricted Scapulohumersal motion was approximately one-third of the normal amount. The stumps were 
flabby and oedematous Stump measurements were: length from acromion, six inches on the right and seven 
inches on the left; length from axilla, two inches on the right and two and a quarter inches on the left 

Four weeks after admission the skin defect on the right stump was closed surgically. Three months 
alter admission he sufficiently 
increased the range of shoulder mo- 
tion, and shrunken the stumps, to 
have the insertion of the pectoralis 
major folded back on the left. The 
skin on the right was not yet ready 
to tolerate the trauma of wearing 4 
prosthesis. The operation on the 
left was done on February 26, 1952, 
and on the right on April 11, 1952 
The critical) measurements (the 
length from the axilla) following the 
operation were three inches on the 
right and three and a quarter inches 
on the left. A relative increase of 
stump length of one inch was gained 


Figs. 4-A and 4-B: Case 2. Stumps before and after surgery are shown. Note operative sear and the 
change in facial expression. 
Fig. 4-C: Patient demonstrates active abduction in short above-the-elbow prostheses, 
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for each extremity (Fig. 4-B). He received the left prosthesis on April 15, and the right on May 15, almost 
five weeks after the second operation (Fig. 4-C). In these, he could abduct the right arm 30 degrees and the 


left 45 degrees, flex the right arm 30 degrees, and the left 40 degrees 


COMMENT 


One patient has been observed in whom motion of the short stump is limited by 
contracture of the pectoralis major and the latissimus dorsi. Partial reseetion of the inser- 


tion of both tendons in this instance would be beneficial. It is hoped that he may be per- 


suaded to submit to this 
The advisability of shifting the insertion of the pectoralis major proximally at the 


time of amputation in instances where it is evident that approximately only 30 per cent. 


of the humeral length will be saved has been considered. 


SUMMARY 


The simple operative procedure to increase the relative length of the stump in short 


above-the-elbow amputations involves no risk to the patient. It has permitted the fitting 


of the more functional above-the-elbow prosthetic device, rather than the less desirable 


shoulder-disarticulation mechanism, in three arms by an increase in the efficiency of the 


humeral lever and the amount of stump tissue which can be included within the socket 
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DISCUSSION 


Tue Use or HYALURONIDASE IN ORTHOPAEDIC SURGERY 


(Continued from page 680 


Dr. MacAus ann (closing): In regard to the sprained ankle, the severe sprain we still treat in plaster 


However, in the minor Sprains, we believe that the physiological action of restoration of the pump action 


of the muscles plus the action of hyaluronidase will hasten the dispersion of the hematoma and restore the 


minor ligame ntous tear to a more normal condition and thus promote 4@ more rapid healing 


In regard to Dr, Schlesinger’s remark, we have not used hyaluronidase in the presence of infection for 


the simple reason that, when we embarked on this program, we were terribly cautious and we felt that there 


was also the possibility of spreading a local infection and turning a local abscess into a diffuse cellulitis. This 


has not been proved. Other people have used it in infections; we have not. Perhaps we will soon. We have 


been very cautious, as it is a new drug and we do not wish to make anv mistakes 
We have had no infections following injections into the joints for hemophilia or acute hemarthrosis 


However, in regard to hemophilia, we would like to bring out one definite point. The hyaluronidase will 


not stop the bleeding itis present We rely on lowering the venous « lotting time with fresh blood or lipolized 


plasma 
Hyaluronidase in the treatment of fractures, particularly of the wrist, in our hands has been a very 
definite adjunct, because it gets rid of the oedema locally. We don’t claim that our results in Colles’ fractures 


are any better, but we feel that we can get an adequate reduction easier, because we can palpate the bone 


ends. In other words, we inject the hyaluronidase at the fracture site, we apply an elastic bandage for the 


pressure factor, and we wait four or five minutes Then the hematoma hus dispersed and a very exact palpa- 


tion at the fracture site is possible. The girth of the circumference of the broken wrist is practically normal, 


and the bone ends may be palpated very easily. We think it is a very definite aid in the reduction 


of the fracture 
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PUBIS OF TRAUMATIC: ETIOLOGY 


BY RAYMOND J. ADAMS, M.D., AND FREMONT A. CHANDLER, M.D., CHICAGO, ILLINOIS 


From the Department of Orthopaedic Surgery, University of Illinois College of Medicine, Chicago 


Scanty attention has been shown to the entity osteitis pubis by orthopaedic surgeons 
over the past twenty-five vears, as attested by the few articles appearing in the ortho- 
paedic literature. Since 1934, only four papers have been written and but five cases pre- 
sented (Burman, Weinkle, and Langsam in 1934, Silver in 1941, Powell in 1947, and 
Friedenberg in 1950). The urological literature, however, abounds with case descriptions 
and theories concerning the etiology and pathology of osteitis pubis. Beach hails the entity 
as “an orthopedic disease sponsored by urologic surgery”. Wirz estimates that osteitis 
pubis develops in 3 per cent. of patients undergoing suprapubie operations. 

A young male patient with osteitis pubis of what was apparently traumatic origin 
was recently studied in the Orthopaedic Surgery Department of the University of Illinois 
Hospitals. The uniqueness of the clinical course and pathological findings and the review 
of four other very similar cases in the literature suggested that an entity similar to post- 
operative osteitis pubis in the elderly male may also occur in the younger age group. 
The need for a more thorough examination of this disease became apparent. 

The majority of cases of postoperative osteitis pubis occur as complications of supra- 
pubie prostatectomy. The disorder may not manifest itself until several months after 
surgery, When the patient presents himself with the complaint of severe pain over the 
symphysis with lower abdominal and adduetor radiation. Thickening of the tissues over 
the symphysis, with localized tenderness, is usually present. Severe adductor spasm is 
pronounced. Inguinal lymphadenopathy may oecur. 

Although genito-urinary surgeons hold numerous theories of the etiology and pathol- 
ogy, a review of the literature to date has disclosed only eight cases of osteitis pubis after 
prostatectomy in which pathological descriptions have been based on biopsy. Silver, in 
1941, presented the first two of these, with reports of chronic inflammation ip one and non- 
specific acute inflammation in the other. In 1945, Muschat reported that curettings 
showed subacute osteomyelitis. Beach, in biopsies of two patients in 1949, found a pan- 
osteitis microscopically. In 1951, Lavalle and Hamm described three cases in which tissue 
showed fibrosis and subacute and chronic inflammation involving the periosteum, bone, 
and cartilage. (Pseudomonas acruginosa Was cultured from all three of these patients, as 
well as Proteus vulgaris from one.) Lavalle and Hamm felt that they had conclusively 
shown that the complication of osteitis pubis is a chronic inflammatory disease of bone, 
cartilage, and periosteum of the pelvie girdle and that it is of bacterial origin, Their view is 
strongly supported by the facts that (1) in each of the reported instances in which a culture 
was taken a growth of bacteria was obtained * * ' ™ and that (2) in each of the eight 
reportec! patients on whom biopsy was performed the pathological finding was that of 
inflammation 


ROENTGENOGRAPHIC CHANGES 

Roe ntqe nogra phic A ppe Ararice of Normal Symphysis 

Todd ™, in 1923, added the symphysis to the other indicators of skeletal age and 
noted its peculiarities in formation and growth. From the roentgenographic standpoint, 
he further observed ™ that in childhood and adolescence the contiguous faces of the 
symphysis have no definite outline, but present the undulating or billowy surface which is 
characteristic of a diaphysis under the epiphyseal cartilage. He noted that activity in this 
bony face is heralded at about twenty vears by disintegration of the billowy surface and 
osteoporosis of quite marked extent in the region where the symphysial face and the ventral 


VOL. 38-A, NO 3, JULY 1953 


tes 
| 
| 
| 
iz 
= 


686 R. J. ADAMS AND F, A. CHANDLER 


aspect of the pubic bone meet. About the twenty-third vear the progressive obliteration 


of furrows on the symphysial face is accompanied by increasing definition of a superior 


margin Which appears to be directly formed on the diaphysis or body of the bone itself, 


and not through the intermediary of an ossified epiphysis. The superior margin is com- 


pleted about the end of the twenty-sixth year, according to Todd". 


Burman, Weinkle, and Langsam:, in reviewing 127 normal roentgenograms through 


the ages from birth to seventy-nine years, found changes very similar to those described by 


Todd. They described the adult type of symphysis as being reached in the third decade, 


when the following features may be seen: ‘'. .. the symphysis pubis is more or less vertically 


placed, with straight and sometimes concavo-convex edges. It is narrow, its width being 


about one-eighth of an inch. Some sclerosis of the edges is noted, indicating increasing 


ossification of the cartilage face. Mammilation, or grooving, is no longer seen.”’ 


These findings persist through the age of forty-five. From then until the age of sixty, 


the typical configuration of the symphysis is still unaltered, but its edges may be more 


sclerotic and its width less than one-eighth inch. Arthritie spurring may be seen superiorly 


during this age interval. From sixty to seventy-five vears, according to Burman and his 


associates, increased lipping, narrowing, and sclerosis may be noted 


Roe nl ge nogra phic arance of Abnormal Symphysis 


The changes which occur in the urological patient with postoperative osteitis pubis 


several weeks after clinical manifestations are best classified into certain stages, according 


to Henderson: 


“Stage 1. No abnormality or slight fraying of the corners of the symphysis . 


‘Stage 2. Definite decalcification of the bodies of the pubes: this may be uniform or patchy 


and may involve one or both inferior pubie rami. 


“Stage 3. Decalcification may continue till a U-shaped defect is seen at the site of the pubic 


symphysis 


“Stage 4. Exceptionally the process is associated with sequestrum formation. 


“ Stage 5. Stage of healing. At first there is recalcification with normal trabecular conforma- 


tion, and eventually marked narrowing or fusion of the symphysis pubis supervenes .. . New 


subperiosteal bone may be laid down in the region of muscle attachments.’ 


The last stage may require up to two years for completion. 
Changes of a similar nature may also be seen concomitantly in the ischial tuberosities, 


in which case the stage of healing is often accompanied by deposition of subperiosteal 
bone. In addition to involvement of the pelvie girdle, it is to be emphasized that narrowing 
of the hip joints, though rare, may sometimes be noted following an attack of osteitis 


pubis * 


CASE REPORT 


©. R., an eighteen-year-old white male, was admitted in February 1950 with a history of lower mid 
abdominal pain with radiation into the upper medial portions of the thighs. The onset had occurred one 


vear previously after he had been running in indoor track at high school. In January 1949, his physician, 


suspecting appendicitis, removed the patient’s appendix. He was asymptomatic during his convalescence, 


it period of three weeks, but upon resuming physical exertion he experienced a return of discomfort in both 


adductor regions. The pain troubled him when he attempted to run or when he walked any distance, and a 


‘waddling” gait manifested itself when he became fatigued. He was referred to an orthopaedic surgeon in 


January 1950. Roentgenograms revealed a destructive lesion in the region of the symphysis pubis. A biopsy 


was done at that time, and a diagnosis ot chondrosarcoma was made. The patient was then referred to the 


University of Illinois Hospitals for definitive treatment 
The patient's general physical examination showed no unusual findings. His temperature, pulse, and 


respirations were normal, The orthopaedic examination showed a normal stance and gait. The spine was ol 


normal configuration and demonstrated a complete range of painless motion, The upper extremities were 


normal in all respects. A well healed right rectus incisional sear was present. There was a recently healed 


transverse suprapubic surgical incision eight centimeters long. The underlying soft tissues were thickened 


and somewhat tender. Suggestive bony enlargement of the symphysis pubis, which was tender to palpation, 


SURGERY 
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Fic. 
M.M. February 25, 1952. Appearance of a normal pelvis in an eighteen-year-old male, showing 
physiological irregularity and furrowing of the sy mphvysial face 


F 


O.R. January 3, 1950. Original lesion in patient's symphysis pubis, showing active, spotty de 
struction with ballooning of the dorsal margin and an irregular central defect 2.4 centimeters in its 
widest diameter 


was noted. No pain was elicited on compression of the pelvis \ttempts 


at passive abduction of the hip joints 
bevond twenty degrees produced severe pain in 


the adductor groups and the symphysis pubis. Otherwise, 
the hips showed a full range of passive motion, as did the remainder of the joints of the lower extremities 
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Fia. 3 
April 25, 1950, one month after operation. The graft was inserted after resection of the sym- 
physis pubis 


Fic. 4 
May 12, 1950. Showing the defect present after removal of the graft 
toutine luberatory findings were within normal limits, except for an erythrocyte sedimentation rate 
(Wintrobe method) of nineteen (slightly elevated) and the presence of an oecasional pus cell in the urine 
In March 1950, with a clinical diagnosis of chondritis of the symphysis pubis, a suprapubic resection of 


this strueture was accomplished, the defect being bridged by an autogenous tibial-bone graft. At the time of 
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June 22, 
of defect 


6-A 
February 29, 1952. Roentgenogram made twenty-two months after operation shows mobility of 
symphysis with patient standing on right. lower extremity 


surgery, the lesion appeared yellow in color, was firm and gritty in consistency, and contained irregularly 
arranged bony spicules. The suprapubic wound failed to heal primarily, however, and within ten days gross 


infection was evident. Hemolytic Staphylococcus aureus was cultured repeatedly from the pus. Neither 


penicillin nor streptomycin controlled the infection, which eventually beeame contaminated with several 
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Fic. 6-B 
Roentgenogram made on the same day shows motion present with weight borne on left lower 


extremity 


ia. 7 
Photomicrograph ( 200) illustrating degeneration of hvaline cartilage 


secondary organisms. Two months after its insertion, the bone graft and a sinus tract which communicated 


with the skin were removed surgically and the wound was por ked open Healing then occurred without sinus 


formation, and the patient was ambulatory six weeks later when he was discharged. He has subsequently 


returned to full activity, including strenuous sports, without complaint or disability 


BONE AND JOINT SURGERY 


JOURNAL OF 


3 
Af. 
| 


OSTEITIS PUBIS 


Photomicrograph (X 145) of synovial cavity, showing diffuse subsynovial infiltration of chronic in- 
flammatory character. 


Although fusion of the symphysis would probably have been ideal, further surgery was 
believed to be unwarranted because of the patient’s complete lack of symptoms referable 
to this joint. 
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hia. 10 


Fic. 
Photomicrograph (X 35) of final specimen, illustrating more active bone resorption and fibrosis 
of marrow spaces. Note increased vascularity throughout and collection of chronic inflammatory 
cells in the center of the photomicrograph 


Ixamination of the patient's original roentgenograms (Fig. 2) disclosed the typical findings of an ad- 
vanced stage of osteitis pubis. Mild osteoporosis of the bodies and rami of the pubes was noted. Active, spotty 
destruction of the symphysial face, with ballooning of its dorsal margin, was present, and there was a large, 
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Photomicrograph ( 75) of fibrinous exudate covering cavity of what was probably the joint space. 
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irregular, U-shaped defect in the joint space which measured 2.4 centimeters in maximum width. The roentgen- 
ogram of the symphysis of a normal eighteen-vear-old male is illustrated in Figure | for comparison. Figures 
4 to 6-B are reproductions of the patient’s roentgenograms, showing the manner in which the graft) was 
placed, the appearance after its removal, and the tendency toward spontaneous bridging of the gap, four- 
teen and twenty-two months postoperat vel Figures 6-A and 6-B reveal the amount of motion present in the 
symphysial neo-arthrosis at the most recent examination 


The obtaining of a specimen for histological examination from this patient has made 
possible a description of the pathological changes associated with osteitis pubis of trau- 
matic origin in a young person. 


Sections from the blocks of tissue initially removed from the lesion showed fibrous connective tissue, 
fibrocartilage, and bone. There was evidence of degeneration of hyaline cartilage, fibrosis of the marrow 
spaces, and a low-grade inflammatory reaction in the connective tissue and synovial membrane (Figs 
7 toY). The inflammatory reaction was low-grade and diffuse and was characterized by lymphoid, plasma-cell, 
and mononuclear-cell infiltration. There were no specific features to suggest an etiological factor. There was 
no evidence of tumor in any part ot the sections 

Sections of the entire sy mphy SIS pubis removed three months later showed all of the features which had 
been apparent in the original biopsy material. Here, however, there was a fibrinous exudate undergoing or- 
ganization, covering the symphysis joint cavity (Fig. 10). Fibrosis of the marrow spaces was somewhat more 
widespread than in the previous specimen and there was evidence of more active bone resorption than had 
been previously seen (Fig 11) Again, no evidence ol neoplasm was observed. The pathological diagnosis ol 


the combined specimens was: low-grade inflammation in and about the symphysis pubis, with marked bone 


resorption and fibrous connective-tissue replacement of the marrow osteitis pubis 


These findings are suggestive evidence that the traumatic disease involving this pa- 
tient’s symphysis was inflammatory in nature and very possibly bacterial in origin. 


OTHER CASES OF TRAUMATIC OSTEITIS PUBIS 


The curious resemblance of this patient's disease to that of osteitis pubis in the male 
after prostatectomy prompted a search of the literature for similar cases. Four were found 
and in each a definite comparison to the above case could be made. These patients are 
briefly reviewed in order to emphasize their similarities. 


Case | (Peirson, 1929): A man, twenty-five vears old, whose occupation involved carrying heavy boxes 
which he supported partly on his lower abdomen, had complained of pubic pain of seven months’ duration. 
He was hospitalized for two weeks and improved, only to experience recurrence of pain several months later 
At this time he had a frank suprapubic abscess which was drained of Staphylococcus aureus pus 


Peirson ventured the opinion that the case represented one of primary infection of 
bone, and classified it as a non-tuberculous osteochondritis. It is believed, however, that 
this case probably represents an osteitis pubis of traumatic origin which remained chronic 
for seventeen months before culminating in abscess formation. 


Cask 2 (Painter, 1930): A white woman, twenty-eight years old, had complained of pain in the region of 
the symphysis, associated with overexertion, for about a year. Roentgenograms revealed a small cavity, 
which was curetted; no pus was obtained and the diagnosis was inflammation and repair 


Painter presented this as a Brodie’s abscess in the symphysis pubis. The presence of 
enchondral bone formation and the absence of pus, however, are not typical of Brodie’s 
abscess. For this reason, and because of its clinical resemblance, Painter's case may well 
have been one of traumatic osteitis pubis. 


Case 3 (Burman, Weinkle, and Langsam, 1934): A sgeventeen-vear-old white male had sustained 
trauma to the symphysis pubis when he was crushed between a fence and a slowly moving truck. His initial 
pain subsided within three weeks, but four and a half ynonths later he had recurrence of pain in the region 
of the symphysis, radiating into the abdomen, thighs, « id groins. He had been rowing the previous few 
months for the school team. Roentgenograms at this time showed an irregular, woolly deetruction of the 
symphysial face and what appeared to be a few free bone fragments. Treatment was syMfptomatie and pain 
abated within three weeks. Roentgenographic follow-ap showed gradual filling-in of the defects, which was 


almost complete in « fifteen-month period 
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TABLE I 


COMPARISON OF PosTOPERATIVE Pusis wirn TRAUMATIC OsrErTis 


Postoperative Osteitis Pubis Traumatic Osteitis Pubis 
Age Elderly patients Young adults. 
Sex Males Males and occasionally females 
Clinical Pain and tenderness over Pain and tenderness over pubis with 
pieture pubis with adductor radi- adductor radiation. 
ation 
Inciting Retropubie surgery Trauma to symphysis pubis 
Etiology Bacterial Bacterial 
Pathology Chronic inflammation Chronic inflammation 
Roentgeno Osteoporosis and cavitation Osteoporosis and cavitation followed 
graphic followed by filling-in = of by filling-in of the defect 
changes the defect 
Duration Six to twenty-four months Up to twenty-four months 
Complications Abscess formation; involve- Abscess formation 


ment of the hip joints 


Burman and his associates recorded this case as an adolescent osteochondritis of the 
symphysis pubis. The typical course which the disease followed, both clinically and 
roentgenographically, strongly suggests, however, that this was another case of traumatic 
osteitis pubis. No pathological proof exists to support either contention, 


Case 4 (Klinefelter, 1950): A sixteen-year-old white male struck his abdomen a hard blow over the 
symphysis against the hip of an opponent while he was playing basketball, Local pain and tenderness sub- 
sided within five days and he resumed his usual physical activities. Three weeks later pain ol a moderate 
boring quality recurred in the symphysial region, which became warm and tender but showed no signs of 
fluctuation. Roentgenograms at this stage showed demineralization and spotty destruction of the right pubis, 
most marked about the symphysis, involving the greater portions of both rami and extending into the inferior 
ramus of the ischium. Three weeks of bed rest resulted in the beginning of gradual pain-free recovery, and the 
patient resumed his former activities ten weeks after the myury toentgenograms at this time showed the 
region ol destroyed bone being replaced by normal bone. New-bone formation proceeded gradually until 


after two years the symphysis appeared normal 


Klinefelter was undoubtedly correct in reporting his case as one of osteitis pubis, 
even though he lacked proof by biopsy. The role of tratima as an inciting cause is apparent 
in this instance. 

Striking likenesses are obvious among the five cases presented: (1) They occurred in 
young adults; (2) trauma was consistently an inciting cause; (3) all had symptoms and 


signs of typical osteitis pubis; (4) roentgenographic manifestations were characteristic ; 


-and (5) the course of the disease was uniformly prolonged in so far as bone healing was 


concerned, Added similarities in two instances were the presence of Staphylococcus aureus, 
bacteriologically, and the picture of inflammation, pathologically. 

It is felt that the similarities in these five cases form an entity which may be termed 
“traumatic osteitis pubis’. This entity in addition bears a close resemblance to the better 
known osteitis pubis of urological importance. Table | demonstrates this resemblance 
between cases of osteitis pubis of postoperative origin and those of osteitis pubis of trau- 
matic origin. Examination of Table I points to the fact that these two groups of cases are 
extremely alike in all but two respects the age of the patients afflicted and the inciting 


cause of the disease. 


PATHOMECHANICS OF TRAUMATIC OSTEITIS PUBIS 


To explain the pathomechanies of osteitis pubis in the younger patient, a study of the 
pubic bone itself offers a possible solution, Henderson pointed out that the external aspect 
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of the pubis and the prubo-ischial rami are well covered by muscle attachments, but the 


internal aspect is not, and a large area is covered by periosteum and parietal pelvie fascia 
alone. This is the area which is affected in osteitis pubis, and it is obviously less well 
equipped to withstand extension of infection than an area well covered by muscle. Wil- 
ensky stated that the blood supply of the pubic bone arises mainly from a periosteal plexus, 
hut that, compared with other parts of the skeleton, the pubic bone has a very poor blood 
supply. He notes, however, that in young persons the blood supply is most abundant in 
and around the centers of ossification, including the symphysis, where the vascular loops 
are essentially end vessels. Todd has shown that osteoporotic activity with disintegration 
of the bony face of the symphysis occurs normally at about twenty years; Burman and 
his co-writers found such changes in a somewhat younger age group. 

It may be postulated that trauma, either directly to the symphysis or through tension 
of the rectus abdominis muscles, causes periosteal and subperiosteal damage to the bone. 
Injury occurring at a time when the bone structure is physiologically weakened because of 
normal osteoporotic activity may have an inordinately damaging effect. Thrombo-embolic 
occlusion of the end vessels of the symphysis may then occur, and a subsequent transient 
bacteraemia may establish a focus of infection. Local hyperaemia, stimulated by the in- 
fection, may then accelerate bone absorption. The ensuing sequence of events of the dis- 
ease in the young no doubt closely corresponds to that in the elderly. The amount of bone 
destruction, the degree of extension to other bones or joints, and the occurrence of seques- 
tration or abscess formation all depend upon the virulence of the organism present and the 
resistance of the host. 


TREATMENT 


Osteitis pubis of traumatic origin should in general be treated conservatively. Com- 
plete bed rest may be necessary in the acute phase and a plaster-of-Paris spica may be 
required to limit still further hip and pelvie motion in such instances. Later, with improve- 


ment, a snugly drawn sacro-iliac belt might be useful to decrease symphysial movement 
during weight-bearing. Ambulation should be resumed as soon as it can be tolerated, 
but strenuous activities should be minimized until roentgenographic and clinical signs indi- 
cate healing. The administration of antibiotics would probably be of value during the acute 
phase, especially if signs of gross infection become manifest. When abscess formation oc- 
curs, Which is rare, incision and drainage should be done, as elsewhere in the body. 


CONCLUSIONS 


A review of the literature indicates that osteitis pubis is considered by the majority 
of authors to be an inflammatory disease of bacterial origin which occurs most commonly 
following retropubic surgery in males. 

It is believed that heretofore this disease occurring in young adults of both sexes 
following trauma to the symphysis pubis may have been overlooked in reporting of cases. 


The specific pathological picture of traumatic osteitis pubis has been suggested by 
virtue of microscopic examination of tissue removed from the patient discussed. 

Nore: Acknowledgment is made to Dr. Granville Bennett for his interpretation of the pathological 
findings in the case presented 
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POSITIVE PRESSURE IN THE REDUCTION OF FRACTURES OF 
THE TIBLAL CONDYLES 


\ Preciminary Revort 


BY LOUIS SPIGELMAN, M.D., LOS ANGELES, CALIFORNIA 


In this article, a method is described ot applying positive pressure to plateau fractures 
of the tibia 

The advantages and importance of maintaining positive pressure or the contact-com- 
pression factor have been proved, both theoretically and practically. Key and Charnley 
both have employed parallel stainless-steel pins and turnbuekles to maintain apposition 
and pressure in routine knee fusions They found that this hastened osseous fusion. Eggers 
used a slotted plate to allow the telescoping of the fragments, with the muscles acting as 
the compressing force. His experimental work on rats proved the theoretical importance 
of the contact-compression factor 

In the method to be described, the tension of a simple internal cantilever spring main- 
tains the positive pressure 

The technique of applying positive pressure in the reduction of fractures of the tibial 
condyles requires (1) a Moore pin, three thirtyv-seconds of an inch in diameter and five 
inches in length, and a nut and (2) an orthopaedic drill, pliers, and a mallet. Figures 1-A 
to 1-D illustrate and explain the procedure 

This technique has been employed in three cases of fractures of the tibial plateau. In 
the first two, the easts were removed approximately ten days following surgery, at which 
time the patients were permitted to move the knee freely. The first two patients were 
both back at work in approximately ten weeks, with an almost complete range of normal 
motion. Because the method was new, we were rather hesitant to permit earlier weight- 
bearing. The third case is presented in detail: 

T.S.. a white male, twenty-three vears old, was struck on his right knee on February 4, 1952, by the 
bumper of a ear. He was admitted to the Los Angeles General Hospital shortly after the accident. Roentgeno- 
grams revealed a fracture of the lateral condyle of the right knee with approximately one fourth of an inch 


separation of the fracture fragments (Pig. 3-A) 
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Ble od was aspirated from the joint. A closed reduction was attempted but was unsuccessful, Open redue 
ton was then performed on the same day, and the technique previously described was used (Fig. 3-1). A 
plaster-of-Paris cust Was applied, and, after ten davs, the east and sutures were removed. Active non-weight- 
bearing exercises were started 

On the twenty-first day after the operation the patient was permitted complete weight-bearing, At that 
time he had an almost complete range of painless knee motion. 


The knee was re-examined and roentgenograms were made on March 27 and on May 12, 1952. The only 


limitation of metion was a lack of approximately 3 degrees of extension 


On July 12, 1952, the patient was seen for a final follow-up and x-ray examination. The knee was painless 


and the patient had no complaints. Extension lacked 3 degrees. Flexion was to 140 degrees bilaterally. There 
Was no lateral instability; the drawer sign was negative: there was no atrophy of the thigh or leg: and there 
was no swelling of the knee 


Fig. 1-A hic. 1-B 
Fig. 1-A: Through a two-inch lateral incision the depressed fragment is elevated 


Fig. 1-B: The threaded wire is drilled through both fragments through a two-inch medial incision, The 
spear point on the medial aspeet of the condyle is bent to a large lt 


Fig. 1-C hig. 1-D 
Fig. 1-C: The U portion is driven into the bone with a mallet until the point engages the cortex 


Fig. 1-D: The nut is threaded on the wire and tightened until the spring is under tension, The excess 
wire is removed and closure is done. 
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Fig. 2-B 


Roentgenograms showing one of the earlier cases 


DISCUSSION 


The bolt and nuts employed hitherto in the reduction of plateau fractures could not 


maintain constant positive pressure®. The only tension developed by this method of 
fixation was due to the elasticity of the material. However, constant positive pressure is 


Fig. 3-A Fig. 3-B 
Fig. 3-A: Case February 4, 1952 
inch separation of the fragments 
Fig. 3-B: February 4, 1952. There 
the joint surface. 


The patient had sustained a plateau fracture with one fourth of an 


was slight residual separation between the fracture fragments at 
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Fic. 3-C 
‘ig. 3-C: February 21, 1952. The slight separation was taken up by the spring tension 
Fig. 3-D: Mareh 27, 1952. At seven weeks after the operation the proximal side of the fracture line 
could no longer be visualized. Some“ecallus was noted in the distal portion of the fracture line. 


Fig. 3-F 


152 July 12, 1952 


applied to the fracture fragments by incorporating a cantilever type of spring, such as the 


U-shaped portion of the pin, The advantages of incorporating a spring can be seen by com- 
paring the tension graphs (Figs. 4-A and 4-B). 
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Pra. 4-A Fig. 
Pig. A: A change of length (1), caused by bone absorption, creates a great drop in tension load 
Fig. 4-B: The same change in length (1) causes much less of a drop in tension (2?) because of the 
spring aetion involved 


There are a number of variables which act to increase or decrease the amount of ten- 
sion: the length of the U (or spring), the diameter of the wire, the metal employed, and the 
use of different sizes of washers and nuts. There are variables which cannot be estimated 
exactly because of the nature and reaction of living tissue 

It is planned to use washers at each end of the pin to prevent the two ends from sink- 
ing into the bone 


Nore: The author wishes to express his thanks to FP. R. Shanley, Professor of Engineering, University 
of California at Los Angeles 
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INTERNAL FIXATION FOR FRACTURES AND DISLOCATIONS 
OF THE PELVIS* 


BY GORDON WHISTON, M.D., CASPER, WYOMING 


Internal fixation for certain types of fractures and dislocations of the pelvis is not new 
or unusual, but a simple method of fixation has been used in several cases, the technique 
of which apparently has not been previously described in the literature. 


FRACTURES OF THE ILIUM 


Of fractures of the pelvis, fracture of the wing of the ilium is one of the most frequent; 
it is usually due to direct violence or to lateral crushing injuries. Holdsworth classifies 
pelvic disruption into two types: first, pelvic injury with sacro-iliae dislocation, and second, 
pelvie injury with fracture of the tlium near the sacro-iliae joint. The first type results in 
a large percentage of poor end results, only 50 per cent. of the patients returning to heavy 
work. Many of the sacro-iliac dislocations require an arthrodesis because of persistent 
pain and disability. Not all fractures of the wing of the ilium are near the sacro-iliae joint 
and it is those occurring in the anterior third that led to use of the internal fixation to be 
described, 


Treatment 


It has been customary to treat iliae-wing fractures by having the patient rest in bed 
with both hips flexed and a firm bandage fastened about the hips. In one case with this 
type of fracture, this method failed to give relief from pain, as the fragment moved with 
each respiration and could not be immobilized by external means. The abdominal oblique 
muscles, both the internal and the external, originate along the anterior third of the crest 
of the ilium and are in constant activity during respiration. The need to prevent the 
resulting motion of the fragment suggested the use of internal fixation. Levine described, 
in a case report, the use of a curved metal plate fixed in the iliac fossa with serews. This 
procedure required rather wide exposure of the ilium to allow placement of the serews and 
necessitated the same degree of exposure for removal of the plate when the fracture was 
healed. The Stader splint has also been used in a similar manner, but the thinness of the 
iliac wing in this area may lead to inadequate fixation, 

The method used by the author is as follows: 

With the patient under anaesthesia, the iliac crest is exposed through an incision paral- 
leling the anterior border and the lateral surface of the iliac wing; the dissection is carried 
subperiosteally as far as the fracture line. Two stainless-steel pins, five thirty-seconds of 
an inch in diameter, are driven with a hand drill into the crest of the free fragment and 
between the two cortical surfaces, until the points of the pins can be seen at the fracture 
surface. The fracture is then reduced and the pins are driven into the cancellous portion of 
the adjacent surface. This gives immediate solid fixation of the fragment. The pins are cut 
off, with approximately one-quarter of an inch protruding out of the crest. The reflected 
muscles and the periosteal layer are replaced and sutured. After closure of the incision, 
the protruding ends of the pins can easily be palpated beneath the skin. After six weeks, 
the pins can be removed under local anaesthesia; a small incision is made in the skin over 
the subcutaneous ends of the pins and the pins are extracted with pliers. 

The patient can be ambulatory almost immediately after pin fixation, as he is free 
from pain and there is sufficient stability of the fracture so that the reflected muscles have 
adequate anchorage, following suture, to allow full weight-bearing. 


*Read at the fifteenth Annual Meeting of the Western Orthopedic Association, Yosemite, California 


October 20, 1951 
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hig. I-A 


Fig. 1-A: Tracing made from roentgenogram in Case 1, showing a comminuted fracture of the right 
iliae wing 


Fig. 1-B: The tracing illustrates the pins in position, immobilizing the iliac fragment 


SEPARATION AT THE SYMPHYSIS PUBIS 


Separation of the symphysis pubis is a not uncommon injury to the pelvis; it may 


result from anteroposterior or lateral compression or from direct trauma to the pubes. 


Kia. 2-A 
: Comminuted fracture of right iliac wing in Case 2 
After reduction of the fracture, pins were used to immobilize the loose fragment 
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Fic. 3-A Fic. 3-B 


hig. 3-A: Drawing from roentgenogram in Case 3 illustrates fracture through the right iliac crest. 


hig. 4-15: Steinmann pins were used to immobilize the tliac-wing fragment after open reduction. 


The majority of true separations of the symphysis pubis can be treated by immobilization 
of the pelvis in a pelvic sling. In some of the more difficult cases the method described by 
Watson-Jones is successful. The patient is placed in a lateral position, on the uninjured 
side, and a double hip spica is applied. At times, anaesthesia is required so that reduction 
ean be carried out; after reduction the cast is completed. 

The types of separation of the pubic symphysis which have been considered suitable 
for open reduction and internal fixation are those which fail to respond to conservative 
measures. Several patients with wide separation at the symphysis had overlapping of 
the pubis when compression was applied and separation recurred when the compression 
was released. No intermediate degree of compression could be maintained, either because 
of marked discomfort or because of the activity of the patient even during usual bed care. 


Treatment 

The most common technique of surgical treatment is wiring of the pubis; this may 
he very difficult, especially in the obese patient. Exposure of the symphysis pubis is not 
without danger and any procedure which minimizes the operative risk seems justified. 
Key and Conwell mention operative reduction in pelvic injuries, but feel it is rarely in- 
dicated. This viewpoint is held by the author of this paper. It is urged that operative re- 
duction be reserved tor the few cases of separation of the pubis, accompanied by marked 
subluxation of the sacro-iliae joint, in which reduction by manipulative means cannot be 
accomplished or maintained, 

Under general anaesthesia, the pubes are exposed through a transverse incision along 
their superior margin. The operator can then accomplish reduction by grasping each 
side of the symphysis with heavy towel clamps and manipulating the pubes into position, 
By use of the carpenter's technique in joining two pieces of wood end to end, the pubes 
are toenailed together by a stainless-steel pin driven with a hand drill obliquely across 
the symphysis in both directions. As in open reduction of fractures of the ilium, the pins 
are cut off and a sufficient amount is left projecting so that the ends can be palpated be- 
neath the skin after the incision has been closed. To prevent wandering of the pins deeper 
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hig. 4-B 


iw. Trac Ing of roentgenogram in Case 4 


) / shows wide separation of the symphysis pubis 
\ / and dislocation of the right snero-iline 
)} } J | hig B Pelvie-band SUsperision reduced dis- 
} location of the sacro-iline but produced 


marked overriding of the symphysis 


Fig. 4-C: Tracing of the postoperative roent- 
/ genogram illustrates maintenance of reduction 
by toenailing across the svmphysis pubis 


into the soft tissues, it is wise to bend the 


protruding ends of the pins a few degrees 
No immobilization has been found necessary 


YA following this operation and for physiolog- 


ical reasons this is to be expected, as the 


( forces which tend to separate the symphysis 
exert a tightening effect upon the crossed 
Postoperative care is confined to taiak- 
ing the patient comfortable bed and 
prohibiting ambulation until sufficient fi- 
brosis has occurred at the sacro-iliac joint 
1 oor joints to insure stabilitv. Here again, as 
rm, in the case of pelvie fractures with sacro- 


iliae dislocation, an arthrodesis of the sacro-iliac Joint may ultimately be necessary, 


OF CASES 


REPORT 
Case | vhite male, forty-eight vears old, was pinned under a tractor on May 11, 1943. He sustained 


a fracture of the right ilium which, although not markedly displaced, could not be immobilized by external 


fixation (Fig. 1-A). The fragment moved with each respiration, producing constant pain, An open reduction 
with pin fixation (Fig. 1-B) was done on May 15, 1943, under local anaesthesia, the patient having been given 
morphine and scopolamine preoperatively. The patient was comfortable immediately after the operation 
and was up and about a few days later. The pins were removed under local anaesthesia on July 6, 1943. The 
patient was last seen on February 12, 1944, because of a shoulder injury. He was having no symptoms refer- 


able to the pelvis at that time 
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O-A: Wide separation of sy mphysis pubis in Case 5 


5-B Trac Ing ol postoper ilive roentgenogram showing reduction and iiling SIS pubis 


Cask 2. A white male, fifty-nine years old. was injured on July 15, 1944, when he was kieked by a horse 
\ fracture of the anterior third of the right illum was found, similar to that in Case 1 (I ww. 2-4). The patient 
had had an amputation of the right lower extremity at the mid-thigh in 143. External fixation proved in- 
eflective in immobilizing the fragment or in giving relief of pain. Internal fixation of the fracture Was done 
on July 20, 1944, and gave rigid immobilization of the fragment (Fig. 2-B). The patient was up on erutehes 
three days later and was able to wear his artificial limb by September 1, 1944. The last eXamination, on 


September 10, 1947, disclosed no abnormal findings and the patient was sVimptom-free 


Case 3. A white male, thirty-nine vears old, was injured on August 3, 1944. in a bus accident while he 
Was visiting in Wyoming. He was brought to the hospital by ambulance and examination dis« losed a com- 
pound fracture of the right ilium (Fig. 3-A) and several fractured ribs 

The patient was treated by his attending physician until he was re ferred to the author for consultation 
on August 19, 1944. The patient was having constant pain trom movement of the fragment with each respira 
tion. There was no ¢ vidence of infection and the skin wound appeared to be healing sitistauctorily 

An open reduction and pin fixation (Fig. 3-B) were done under local anae sthesin on August 2. 1044 
and sulfonamide erystals were used in the operative wound beeause of its compound nature. The patient be 
come ambulatory five days after surgery and was dismissed from the hospital on September 9, 1044. The 
pins were removed under local anaesthesia on October 8. 1044. The patient left for California on October 
26, 1944, and has not been traced since that time 


Cask 4. A white male, fifty-five vears old. was injured in a car accident on January 24. 1947. An exami 
nation disclosed that the patient had sustained a dislocation of the right sacro-iliae jomnt and wide separation 
of the symphysis pubis (Fig. 4-A), complicated by a sciatic-nerve paralysis. Following treatment for shock 
the patient was supported in a pelvic sling and Buck’s extension was applied to the right lower extremity 
A chest complication developed and the patient became irrational on the following day. Two days later, a 
heek-up roentgenogram disclosed overriding of the svmphysis (Fig. 4-B). Correction was attempted by 


decreasing the weights, but roentgenograms disclosed a recurrence of the separation of the sy mphy sis and 


sacro-iliae joint. On February 12 IY47, a manipulative reduction Was attempted by the Watson-Jones method 
and «a double hip spica was applied. Roentgenograms showed the s\ mphysis pubis to be still widely separated 

\n open reduction was carried out on February 19. M7. After reduction of the symphysis, the position 
Wes maintained with two stainless-steel pins used to toenail the symphysis (Fig. 4-C). No external support 
Was required and the patient had complete relief from pain. Hospitalization was prolonged because of the 
selitie-nerve injury and the patient was not dismissed until May 2, 1947. The pins were removed on July 2. 
147. The patient returned to his usual duties as an Insurance broker in August, 1947, but he died on Febru- 
ary 1S, 1949, from carcinoma of the stomach 
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\ white male, sixty years old, was injured on March 18, 1943, when a truck rolled over him 


While he was beneath it, working on the axle. He was brought to the hospital by ambulance. An examination 


disclosed a wide separation of the symphysis pubis (Pig. 5-A). Conservative treatment was unsuccessful and 


in open reduction with pin fixation was done (Fig 5-B The patient s pe riod «ol hospit tization was pro- 


longed is he had sustained a fracture of the left ankle in the accident and was unable to begin weight-bearing 


until May 12, 1943. The patient died of a heart attack shortly after becoming ambulatory 


SUMMARY 


In two types of pelvie injuries fractures of the iliac wing and separation of the 


symphysis pubis internal fixation with stainless-steel pins has given satisfactory results. 


This technique would appear to be easier and less time-consuming than the use of other 


types of fixation. No complications have arisen in the cases in which this has been used. 


The number of cases is small, as the necessity for operative reduction in pelvie injuries is 


rare 
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PLEXNORPLASTY OF THE ELBOW 


AN EVALUATION OF A Merruop 


GARTLAND, NEW YORK, N. Y. 


M.D., 


AND 


BY ROBERT BE. CARROLL, M.D., JOHN 


From the New York Orthopaedic Hospital at the Columbia-Preshyterian Medical Center. New York 


Loss of flexor power in the elbow joint is a primary disability in the funetion of the 
upper extremity. To provide this articulation with active flexion is of the greatest interest 


to surgeons of reconstruction. In L9L9, Steindler ! described a method of restoring volun- 


tary flexion to the elbow. In this procedure, the common origin of the superficial digital 


and wrist flexors is transplanted to a more proximal position on the humerus. This opera- 
tion has since become known as a flexorplasty of the elbow. By 1944, Steindler * was 


able to report on the results in thirty-nine cases. Elsewhere, the number of adequately 


followed cases reported to date has been exceedingly small. Because the flexorplasty 


has been done relatively infrequently, it seemed of value to examine an adequate number 


of cases and to present the experience as a guide for the future. The purpose of the paper 
is to evaluate the total number of flexorplasties performed at the New York Orthopaedic 


Hospital 


MATERIAL 


During the period June 1982 to June 1952, twenty-eight flexorplasties of the elbow 
were performed at the New York Orthopaedic Hospital by various staff members and 
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residents in training. One case could not be used in the final evaluation of this study. 
After the operation, the patient was discharged to the care of his family physician at a 
far-distant point. No data are available. All of the remaining twenty-seven patients 
received careful final evaluation. The authors personally examined nineteen of the twenty- 
seven patients. The rest were seen by colleagues on the Staff. One patient was reviewed 
seventeen vears after the surgical procedure. 

In eighteen patients, loss of elbow flexion was a result of poliomyelitis; in five cases 
obstetrical palsy was the etiological factor; and in five, trauma to the brachial plexus was 
the cause. Seventeen patients were males and eleven were females. The ages of the patients 
varied from eight to fifty-six vears. Twenty-one per cent. were below ten and 75 per cent. 
were below twenty years. 


OPERATIVE TECHNIQUE 


The operative procedure, in general, was the same in each case. Through a curvilinear 
Incision on the ulnar aspect of the elbow, the medial epicondyle was exposed. The ulnar 
nerve Was identified and traced to its entrance into the flexor carpi ulnaris muscle. The 
median nerve Was also identified and traced to its ramification into the flexor mass. The 
common origin of the superficial flexor mass was mobilized by removing with an os- 
teotome a thin wafer of bone from the medial epicondyle. When more mobility was 
desired, the origin of the flexor carpi ulnaris was raised from the shaft of the ulna. The 
anteromedial surface of the humerus was exposed by subperiosteal dissection beneath 
the brachialis muscle. With the elbow in flexion, the Common origin of the flexor mass 
was secured about an inch or more toa more proximal position on the shaft of the humerus. 
At cimes, » defect or a drill hole in the cortex was made. Other surgeons fastened the 
transplanted tendon entirely by suturing to soft tissue. A long plaster cast was applied 
from the hand to the axilla with the elbow in 45 to 60 degrees of flexion, and the forearm 
in neutral position between pronation and supination. In general, motion was started 
after the sixth week 


ANALYSIS OF DATA 


Re sults 


The longest period of evaluation in the study was seventeen years; the shortest 
Was one vear; and the average period was six vears. This span gives a comprehensive 
scope of the activities of a group of patients with transplanted muscles over a sufficiently 
long period of time to encounter all deviations or changes. 

At the time of the final evaluation examination, each result was rated as good, fair, 
or poor. A good result was that in which the flexorplasty was a distinct aid to rehabilitation 
by providing a useful range of motion with good to fair power (Fig. 1). The elbow joint 
in this group carried a fixed flexion deformity of about 40 degrees. A fair result’ was 
obtained when the patient was improved by the procedure, but the range of 


motion, the power of the transplanted muscle, or the position of the limb was not com- 
pletely satisfactory. A poor result was one in which the patient was not improved by the 
flexorplasty. On this basis, the twenty-seven cases have been classified as follows: 


Clood (56 per cent.) 
Pair 7 (25 per cent.) 
Poor (19 per cent.) 


In general, the age of the patient at the time of the operation seems to have made 
no difference in the result of the transplantation. Six of the patients were less than ten 
vears of age; fifteen were between eleven and twenty years of age at the date of their 
operation; and four patients were between twenty-one and thirty. There was one patient 
each in the fourth, fifth, and sixth decades of life. The ratio of results remained constant, 


The good and fair results can be considered together, since the patients were improved 
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by the operation. Prior to surgery, a contraction deformity of the elbow was a rarity. 
Following the operation, the patient could count on an average fixed flexion contracture 
of about 40 degrees. This is easy to understand when one appreciates the more proximal 
position of the placing of the origin of the flexor mass. The angle of 40 degrees is readily 
acceptable in a cosmetic evaluation and is a functional position of the elbow (Figs. 2 and 


2 


Forearm Pronation 


The flexor mass of muscles also function as pronators of the forearm, wrist, and 
hand. When the origin of the flexor-pronator group is tightened by transplanting it to a 
more proximal position on the humerus, a pronated position of the forearm occurs. 
Of course, a modifying factor in this is the power of the supinator group. When that 
is strong, there is less tendency to a fixed pronation defert. If it is weak, one must expect 
a greater tendency toa position of pronation in the forearm. A markedly pronated forearm 
has limitations when it is flexed to the face. However, the gain in the power of elbow 
flexion greatly offsets the pronation defect. When the supinators are quite weak, the 
pronation defect can be prevented by transplanting the flexor carpi ulnaris ino such 


a Way as to enable it to act as a supinator. This may be done either before or after the 


Fie. | Fic. 2 
Fig. 1: This patient had a good result. The right upper extremity had been affected by poliomvelitis 
At rest there was no cosmetic defeet such as gross flexion deformity of the elbow joint or marked 
pronation of the forearm 
Fig. 2: At rest there was a 40-degree fixed flexion deformity of the elbow. This is the average residual 
deformity whieh may be expeeted to occur in those with good results following a flexorplast, 
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Fig. 3 hia. 4 


Fig. 3: Active flexion of the elbow brought the forearm to an angle of 25 degrees with the humerus. 
This gave an excellent range ob motion of 115 degrees 

Fig. 4: Even though the superficial flexor mass of the forearm was used to flex the elbow, the patient 
had full use of the digits. In the photograph the patient is demonstrating the power to extend the 
digits and to oppose her reconstructed thumb at the same time as she flexes the elbow 


flexorplasty operation. In this series fixation of the transplanted mass to the anterior 
rather than to the medial surface of the humerus decreased the tendency toward pronation 
defect. Of the fifteen patients with a rating of good, ten had no pronation defect while 
three had such a defect. In two, this factor was not ineluded in evaluation. In the fair 
category, seven of eight patients had a pronation defect. Thus, of those improved by 
flexorplasty, about one half showed a pronation defect. 


Arthrodesis of Adjace nt Joints 


The value of arthrodesis of adjacent joints in relation to the result of the flexorplasty 
was considered. Shoulder fusion had been done in sixteen of the twenty-eight patients. 
It was found that the fusion contributed greatly to the total function of the upper ex- 
tremity. In use, the elbow is elevated and the pull of gravity on the forearm is decreased. 
Hexion of the elbow becomes more powerful. However, the procedure did not specifically 
improve the function of the elbow. On the other hand, arthrodesis of the wrist has proved 
to be of great value in improving the power of flexion. Wrist fusion permits the active 
force of contraction to be concentrated at a few important joints rather than weakly 
dissipated throughout the distal portion of the extremity. The power of the weakened 
muscle is directed to the elbow and increases the power of flexion. 

Good results were not correlated with the position of the arm after the flexorplasty 
and the length of time of immobilization seemed to be unrelated to end result. No relation 
was found between the result and the amount of supervised rehabilitation and exercise. 


Analysis of Failures 


The five poor results occurred in four patients. These have been reviewed carefully 
because we learn most from the reasons for failure. One patient had a flexorplasty at- 
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tempted twice on the same arm. In this patient, we found that the flexor mass had been 
inadequately mobilized and, therefore, could not be transplanted to an advantageous 
position. When the second attempt was made, sear tissue complicated the procedure. 
The record does not indicate a secure fixation of the transplanted musele origin. A second 
patient did not have the muscle origin transplanted far enough proximally. The secure 
fixation of the transplant in the new site was questionable. The remaining two patients 
did not have enough power in the flexor-pronator mass prior to operation to produce 
elbow flexion even though a favorable position for the flexor muscle origin was obtained. 
One patient had an adequate range of motion with gravity eliminated. No flexion was 
possible with the elbow at the side. Another patient expending his total effort could 
only make one feeble move of the hand to the face. 

It would seem, in these five operations, that an error in technique or an inaccurate 
preoperative evaluation of muscle power must have been responsible for failure. Technique 
can only be improved by familiarity with the proper method and an awareness of the 
anatomical requirements. Experience is the best instructor, not only in technique, but 
in the evaluation of muscle power. It is important to realize that the flexor power in 
the wrist and digits must come from the superficial flexor mass which is to be moved 
(Fig. 4). One cannot ask too much of a weakened muscle. Power in the deep flexors ot 
the digits does not help in this reconstructive operation 


CONCLUSIONS 


In reviewing the results in twenty-seven flexorplasties, the authors were impressed 
with the value of the operation. When at all possible, it is greatly to be preferred to 
other methods of restoring active flexion to the elbow. 

A fixed flexion deformity of about 40 degrees should be expected. [t is a functional 
position. There should be no hesitation from the viewpoint of appearance, for this angle 
does not constitute a cosmetic defect. 

A tendency toward «a pronated position of the forearm should be expected. If the 
supinators are strong, there will be balance. Insertion of the transplanted flexor mass 
into a more anterior position on the humerus was found to be an aid in diminishing this 
tendency. The use of the flexor carpi ulnaris as a supinator is also a method of preventing 
forearm 

Great care must be given to evaluating the power of the flexor-pronator group ot 
muscles prior to operation. The power located in the superficial flexor mass of the forearm 
is the most important. The power of these muscles is increased by arthrodesis of the wrist 

Knowledge of the technique of this operation should be exact. Adequate distal 
mobilization along the superficial flexor-muscle mass is most important. The adjacent 
nerves must be protected. The mass should be transplanted proximally and anteriorly on 
the humeral shaft. Secure fixation to the new site is mandatory. Utilization of cortical 
defects, such as drill holes, is helpful in achieving this fixation. 
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THE FILUM TERMINALE SYNDROME 


(Tue Corp-TRACTION SYNDROME)* 


BY 


GEORGE J. GARCEAU, 


M.D., INDIANAPOLIS, INDIANA 


From the James Whitcomb Riley Hospital, Indiana University School of Medicine, Indianapolis 


This communication is a report of our observations made during the study and treat- 
ment of three patients presenting the symptoms of a progressive spastic paralysis. [1 


concerns especially the pathological changes found when these patients were subjected 


to exploratory laminectomy. A diligent search of the available literature failed to reveal 
a similar clinical report, although such may exist. 

In 1945 we became interested in the Arnold-Chiart syndrome. This symptom com- 
plex, usually associated with deformities of the spine and spinal cord, was first described 
by Arnold in 1894 and by Chiari in 1895. Many articles have appeared in the neurological 
literature since the publication of these original papers 

In a recent publication, MeKenzie and Dewar concluded that in twenty-one of 
twenty-four patients operated upon for scoliosis with paraplegia, the cause of the paralysis 


Was a tight dura stretching over the angulated spine. The review of the literature on the 


subject of paralysis associated with scoliosis supports that opinion. The onset of the 
paralysis in thirty-three of forty-one cases reported was between the ages of thirteen and 
nineteen vears. Two of our patients were thirteen vears old at the onset of paralysis. The 
third patient was fourteen vears old at the onset of the svmptoms; however, although he 
recovered and remained well for four years, the symptoms again recurred at the age of 
seventeen years 

Ingraham and Lowrey reported that about 25 per cent. of children have defects of 
the vertebral laminae and that incomplete closure is frequently observed. 

Steele reported the Arnold-Chiari malformation to be a frequent factor in cases of 
hydrocephalus, causing a block of the fourth ventricle and obstruction of the cerebro- 
spinal-fluid circulation, 

Lichtenstein deseribed the distant (remote) neuro-anatomical complications of spiha 
bifida. He reported that the cauda equina may be short, causing retention of the infantile 
position of the conus medullaris 


Harmeier in 1933 and Tarlov in 1938 desertbed the normal structure of the filum 


terminale and concluded that it contained all the histological tissues of the spinal cord 
Reimann and Anson and later Anson alone studied an instance of a sacral cord in an 
anatomical laboratory specimen, the only saeral cord in 129 specimens. The spinal cord 
terminated at the first and second lumbar vertebral level in 95 per cent. of 129 adult 
specimens 
Kleinberg recently reported a case of paraplegia occurring in a patient with a eon- 
genital scoliosis. He concluded that, if the symptoms do not impreve with non-operative 
treatment, laminectomy supplemented by the necessary additional surgery is indicated. 
In the patients who form the basis of this report, progressive spastic palsy developed 
while they were under observation for other conditions. The first had a congenital scoliosis: 
the second had recovered from tuberculosis of the spine; the third had been under treat- 
ment for an idiopathic scoliosis. 
Case 1. In August 1044 4 thirteen-vear-old white boy was admitted to the Orthopaedic Servie> for 
observation and treatment for a rapidly progressing left. thoracic kv phoscoliosis, due to extensive con- 
genital malformations of the spine from the second to the seventh thoracic vertebrae (Fig. 1-A). He had 


*Read at the Joint Meeting of the Orthopaedic Associations, London, July 2, 1952. 
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FILUM TERMINALE SYNDROME 


2-B Fic. 2-C 


November 1945 September 1949 September 1949 


('sse 2, HS. Tuberculous spondylitis from the second to the filth thoracie vertebrae inclusive, Sound 
fusion had occurred spontaneously, The filum was sectioned and there was partial recovery 


recently complained of pur in the back on exertion. There was a severe razor deformity of the back. The 
neurological examination was ne gative. eleven months later he was again admitted for further studs because 
of stiffness and clumsiness in the legs. There was spasticity of the legs, equinus of the ankles, bilateral 
Babinski reflexes depressed kre jerks, and dull cremasteric reflexes the abdominal reflexes were absent 
The spinal-fluid total protein Was 122 milligrams per LOO cubie centimeters and the globulin was ++. Im- 
provement occurred after treatment on a frame With head-and-neck traction \ spine performed 
on December 12, 1045 Three months later he had comple tely recovered 

The patient Was not observed again until October 1949. at the age ol seventeen vears, when he reported 
fora recurrence of the paralytte sVinptome There was paraly sis of the bladder and of the bowel The examina- 
tion -uggested a lesion at the tenth thoraci segment of the spinal cord The spinal fluid was about the same 
as on the initial admission. Three laminectomies were performed by the neurosurgeon, the cord being un- 
covered from the third ceervies! to the sixth thoracic vertebra 


No constrictions were encountered. The 
spine fusion was found to be sound 


\ fourth laminectomy from the second lumbar to the seeond sacral 
vertebrae was performed on February 2, 1950. The spinal cord was found to extend to the level of the second 
sucral segment and was anchored by a large filam terminale. The filum terminale was sectioned. Slow but 
progressive improvement followed. Bladder and bowel function returned. He now walks well without support 


2. A thirteen-vear-old colored boy was admitted to our Service on February 21, 1051, with the 


complaint of tingling, weakness, and stiffness in the right leg. He had a quiescent tuberculosis of the spine 
from the second to the fifth thoracie vertebra, inclusive, which had responded to three years of conservative 
treatment on a frame (Pigs. 2-A, 2-B, and 2-C). He had become ambulatory 


at the age of five vears. The 
physical examination revealed a tall, thin colored bov with a severe kyphosis in the upper thoracic Spore 
He stood with a wide base. There was weakness in both legs, more in the right than in the left. All the 
reflexes in the lower extremities were hy peractive There were Babinski and Rossolimo reflexes bilate rally 
Vibratory sense was diminished and positional sense Was altered. Pain and touch SCHSATLON apy ared intact 


All symptoms became aggravated while he was under conservative treatment and bed rest Because a filum 
terminale was suspected, a laminectomy was performed on March 7, 1951. A thick, tough, and tight filum 
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terminale was found. Stimulation of the filum gave no response; the filum was therefore resected. Micro- 


scopic examination of the specimen revealed a fibrous-tissue band with a few scattered nerve fibers. Because 


of fear of overlooking pathological changes at the thoracic kyphos, a laminectomy was performed at that 


level on March 20, 1951. Sound fusion had occurred spontaneously. There was severe angulation of the cord 


(00 degrees). No accual compression was observed, although pulsation was not definite below the gibbus 
The postoperative course was marked by a transient total paralysis of the right lower extremity and increased 


weakness in the left. There was also hy prone sthesia of the lower extremities. Slow improvement has occurred 


Case 3. A fifteen-year-old white girl had been admitted to the James Whitcomb Riley Hospital in April 
1047, for observation and treatment of a right idiopathic thoracolumbar scoliosis (Fig. 3-A). At that time 
good correction was obtained in a turnbuckle jacket. Spine fusion from the third thoracic to the second 
lumbar vertebrae, inclusive, was performed on July 18, 1949. She was followed in the Out-Patient Depart- 
ment. Lengths of the lower extremities remained equal. One-fourth inch of atrophy developed in the right 

lf. The neurological examination remained negative. In July 1950, she complained of nausea, vomiting 
dizziness, and dragging of the left leg. The only positive neurological observations were a loss of tendon 
reflexes in the left upper extremity, and a possible Babinski reflex on the left side. Four months later a 
Babinski and an unsustained ankle clonus were found on the left side. In February 1951, a slight weakness 
of the left grip was noted, Spinal-fluid examination was normal. Severe headaches developed, as well as a 
tendency to fall, and weakness and pain in the right hand. examination revealed the fundi to be normal 
ind no signs of cranial involvement were found. There was weakness in the right hand and in the left lower 
extremity. The left leg was hyperalgesic. Position sense was intact. Co-ordination was normal. Deep reflexes 
vere absent in the arms. Abdominal reflexes were absent. There was a reversed radial reflex (that is, when 
the distal end of the radius was tapped, the elbow did not flex and the fingers had a tendency to extend) 
is well as a Hoffmann sign on the right. The left knee jerk was hyperactive. The ankle jerks were equal 
Phere was unsustained patellar and ankle clonus on the left side. Babinski, Chaddock, and Rossolimo re- 
flexes were present on the left side. Our impression at that time was that a high cervical cord compression, 
due to cord traction, existed. A spinal-puncture attempt was discontinued for fear of injury to a sacral cord 
if such existed 


April 149 


Idiop ithie right thoracolumbar scoliosis of 50 degrees. 
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On May 16, 1951, a laminectomy 
of the filth lumbar and first sacral ver- 
tebrae was performed. A mild spina 
bifida was found. The ligamentum 
flavum appeared to constrict the dural 
sac. Two small dural bands stretching 
across the dura at the fifth lumbar level 
were severed The arachnoid was hor- 
mal. The filam was five millimeters in 
diameter and very tense. W hen the 
filum was severed, the ends separated 
one centimeter The postoperative 
course Was uneventful and almost com- 
plete recovery has occurred (Fig. 3-C) 

The paresis in this patient 
Was not caused by a tightness of 
the dura over the angulated 
spine. There were neurological 
symptoms in the upper extrem- 
ities which could not have been 
caused by a thoracolumbar sco- 


liosis 


DISCUSSION 


The cord-traction symptoms 


associated with dysraphism have 
hig. 3-B 


July 1950 


been recognized by neurosur- 
geons for many years. The neuro- 
Correction maintained. Onset of symptoms Ol nausea, vom- 


iting, and ataxia. Filum terminale was sectioned in May 1951, 
excellent articles. The syndrome followed by good recovery 


surgical literature abounds with 


has been associated with simple 

spina bifida occulta, meningocele, 
myelomeningocele, diastematomyelia, 
congenital scoliosis, Nlippel-Feil syn- 
drome, cranium bifidum, tight fibrous 
bands, and bony spicules. All of these 


conditions may be associated with 


congenital deformities, especially in 


the lower extremities. These are usu- 
ally evident at birth. The neurological 
abnormalities may be progressive. 

The associated pathological le- 
sions were different in the three cases 
here reported. In the first patient the 
tight filum terminale had prevented 
the distal migration of the spinal 
column, so that the conus medullaris Fic. 3-C 
had retained the foetal position. Pa- January 15, 1952 
ralysis occurred during the period Of Shows satisfactory maintenance of correction of scoliosis 
rapid growth. 

In the patient with tuberculosis of the spine the signs and symptoms of paraplegia 
developed during the period of rapid growth. Recovery followed sectioning of the filum 
terminale. Exploration at the area of kyphosis failed to reveal the cause of the paralysis 

In the patient with idiopathic thoracolumbar scoliosis, the filum separated one centi- 
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meter on sectioning, indicating the tightness of the structure. The symptoms in the upper 
extremities could not have been caused by stretching of the filum over the angulated spine. 
Almost complete recovery followed sectioning of the filum. 

Unfortunately we do not know the level of the conus medullaris in two of the cases. 
In the patient with the idiopathic scoliosis we could assume that it was below the usual 
level of the first or second lumbar vertebra, because it separated one centimeter when cut 

Our treatment of the patients could be questioned. Decompression of the foramen 
magnum could have given the same result. We are following these patients and may later 
find that foramenotomy will be necessary 

The tight filum terminale may cause spinal-cord compression over an angulated spine 
It may also cause cord traction, pulling the hind brain into the foramen magnum 

The question of the role of the tight filum terminale as a cause of idiopathic scoliosis 
is suggested but remains unanswered. We are now attempting to produce scoliosis in 


monkeys by preventing the migration of the spinal column away from the conus medullaris. 


CONCLUSIONS 


\ tight filum terminale may cause the cord-traction symptoms known as the Arnold- 


Chiari syndrome. The orthopaedic surgeon frequently is the first to observe the patient 


presenting the symptoms, and, therefore, may direct the patient properly. 


Nove: The author wishes to express his ippreclation to Dr. Robert F. Heimburger, Associate Professor 
of Surgery (Neurosurgery), Indinna University School of Medicine, for his valuable help 
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CAVERNOUS HEMANGIOMA OF STRIATED MUSCLE 
A Review or THE LireRArUuRE AND A Report of Four Cases 


BY KENNETH G. JONES, M.D., LITTLE ROCK, ARKANSAS 


Hemangiomata are not rare tumors; they are found in almost all the vascular strue- 
tures of the body. Cutaneous nevus vinosus, or port-wine stains which blanch on compres- 
sion, aud their antithesis, the capillary form, which responds poorly to pressure, are the 
most common members of this large pathological family. Nevertheless, hemangiomata 
of the special organs have been shown by routine postmortem examination to occur more 
often than has been suspected, but, because of their deep-seated location, thes ure hot so 
frequently seen by the physician. Even though they attain considerable size, these tumors 
have, in many instances, remained asymptomatic and undetected by their hosts. 

Liston in 1845 described an erectile tumor of the popliteal space, recording the first 
case history of hemangioma of muscle, Sixty-five vears later, in 1908, Davis was able to 
compile 147 case histories of the lesion, to which he added six of his own cases. In 1930, 


with Kitlowski, he again studied the literature to enlarge this total to 256 cases. Shallow. 


TABLE I 
DISTRIBUTION OF 3OS HeEMANGIOMATA OF Musee BONVALLET 
Location No. of Patients Location No. of Patients 


Hend 27 Upper arm 
Neck Hand 
Thorax suttocks 
Diaphragm Thigh 
Abdomen Ley 

Sack boot 


Shoulder Not stated 
Arm Total 


Mger, and Wagner in 1944 thoroughly reviewed the subject to amass 335 cases, while by 
1950 Bonvallet was able to collect twenty-two additional cases and described one which 
he had observed in the ‘court supinateur” for a total of 358 cases. He tabulated these 


lesions as occurring in the frequeney shown in Table I. 


The present author will describe four cases in patients whom he has had oeeasion to 


treat. 


DESCRIPTION OF CASES 


Case 1. (B.M.) A’ seven-year-old white girl was admitted to The Arkansas Children’s Home and 
Hospital on July 18, 1950. She complaine d ol pain Ww ithin an area of swelling located in the upper half of the 
anteromedial aspect of the left forearm. Pain had been present for two weeks prior to admission. The swelling 
had not been observed until after the onset of pain The child's parents Asse ried that she no longer used the 
involved upper extremity as freely as the contralateral one. Observation by the house and nursing staffs 
supported this contention 

The patie nt’s systemic history failed to disclose significant pust or familial illnesses. There was no history 
of associated trauma or of a recent febrile reaction 

Physical examination revealed a normal, well developed yirl who did not appear to be acutely ill. Lo- 
cated within the anteromedial portion ol the left forearm in the proximal hall (Fig. 1-A) there was « firm, 
non-compressible, non-pulsating swelling, measuring approximately three by five centimeters. The skin over 
the enlarged segment was slightly warmer than the surrounding area and tender to touch, but freely movable 
\ thrill was not palpable, a bruit was not audible, nor was light transmissible, Sensation and arterial pulsation 
in the extremity were normal, Motion in the joints above and below the mass, as well as pronation and 
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supination, was complete although slightly painful at extremes 


moderate] 


diminished on the 


July 


involved side 


1S, 


1-B 
1950 
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\Nus« le tone and power were good hut 


The arm lengths were equal 


Routine laboratory examinations, as well 
is determinations of serum calcium, phos- 
phorus, and alkaline phosphatase, were within 
normal limits 

toentgenograms of the patient’s skull 
and chest failed to displ vy abnormal densities 
or rarelactions Anteroposterior and lateral 
roentgenograms of the left forearm (Fig. 1-B) 
revealed « reaction in both the periosteum and 
the endosteum involving the proximal half of 
the shaft of the ulna, resulting in thickening of 
its cortex. There was a suggestion of an onion- 
peel lomination with subperiosteal and intra- 
medullary new-bone formation, but no tend- 
eney toward “sun-ray”’ striation. In spite ol 
its increased diameter, the cortex did not ap- 
pear to be sclerotic. A small osteochondroma 
was noted on the medial surface of the hu- 
merus about the junction of its middle and 
lower thirds 

\ tentative diagnosis of -wing’s sarcoma 
or atypical osteomyelitis was made, and on 
July 21, 1950, a biopsy of the ulna was per- 
formed through an incision over its superticial 
border. On direct examination, the perlosteum 
was seen to be thickened and the cortex 
broadened by newly deposited periosteal and 


( ndosteal bane The bone marrow appeared to 
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he normal. J xploration of the soft tissues in the immediate vicinity of 
the bone disclosed only normal muscle, The wound healed by primar 
intention, but the pain of which the patient had complained before 
biopsy was unaltered by this procedure 

Microscopic examination of the specimen evidenced sclerosis of the 
cortex, a mild degree of fibrosis of the marrow, and an Increase In eC0sino . 
phils Bacterial examination of the tissue removed Was negative tor iG. Ib 
tuberculosis, fungi, and routine organisms. The true nature of the 
disease process remained unknown when the patient was discharged on August 10, 1950 

Om September 18, 1950, she was readmitted because of Increasing pain and swelling within the antero 
medial aspect of the left forearm. The findings on examination were the same, except for obvious enlargement 
of the mass. Laboratory findings were again within normal limits, but roentgenographic examination (Pig 
I-(’) clearly delineated a circumseribed swe lling within the soft tissues of the volar surface of the left forearm 
The bone defect created in the ulna by the previous biopsy was observed to be healing. The ulnar shaft ap 
peared as prey ously described 

On September 21, 1950, under a tourniquet, through a volar, musele separating incision over the apex 
of the swelling, the mass was ¢ xplored, The flexor digitorum sublimis was found to be displaced radially by 
4 firm, bluish, mottled tumor mass the origin of which was from that portion of the flexor digitorum pro- 
fundus muscle which supplic s the index and middle fingers. It was removed in toto A large vein leaving the 


proximal end of the tumor was isolated and ligated. The distal tendons of the index and middle fingers were 


sutured to the protundus tendons of the ring and little fingers 

The resected tumor (Fig. 1-D) was comma shaped and measured three by three by five centimeters 
Its external surface was composed of a dirty-grey fibrous « apsule which was covered superficially by stretched 
muscle fibers and through which at irregular intervals bluish sinusoids could be seen. Whe n the mass hind 
been sectioned (1 ig. I-I°), a dense fibrous matrix with numerous large, thin-walled, vaseular channels was 
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conspicuous, Microscopic examination (Fig. 1-G) demonstrated numerous endothelium-lined spaces which 
Most of these sinusoidal spaces contained red blood cells. The 


ranged from capillary to cavernous in size 
Blood vessels with thickened fibrotic walls and muscle 


stroma consisted of a louse to dense fibrous tissue 
fibers, most of which had undergone early degenerative changes with loss of nuclear structure, were evident 
throughout the lesion, as well as numerous collections of perivascular lymphocytes. There was no evidence ot 


malignaney The diagnosis Was euvernous hemangioma ol the left flexor digitorum profundus 


The wound healed by primary intention. Within a few weeks, normal function of the extremity had 


been restored, and there has been no recurrence of pain or swelling 

The patient was lust seen one and one-half vears after surgery, at which time no evidence of recurrence 
was found (Fig. 1-F). In February 1953 her name was still on the roll of the Crippled Children’s Division, 
md it can be issumed that, if there had been any recurrence or other difficulty, we would have been informed 


ol it 


Case 2. (ROL) A white male, aged twenty-seven, entered St. Vincent's Infirmary complaining of pain 


and swelling behind the right knee which had been intermittent!y evident since the age of eight and had 
become constant during the past three vears. The mass had gradually increased in size. It was not reducible 
and had never been red but was tender on oceasions. There was no known history of trauma. There were no 
other masses: however, during childhood, the patient had suffered a chronic osteomyelitis involving other 
extremities 

Examination revealed «a firm, warm, non-reddened, non-fluetuant, non-reducible, slightly tender mass 
in the lateral half of the right popliteal space opposite the knee joint. The mass was not within the skin or 
subcutaneous tissue and did not transilluminate. Motion of the knee joint was complete. Muscle tone and 
power of the calf were normal. Neurological changes in the extremity were not present 


Routine laboratory examinations were normal 
Rentgenograms revealed an increased soft-tissue density which arose beneath the deep fascia posterior 


to the lateral aspect ol the right knee joint 
\ preoperative diagnosis of Baker's cyst was made, and on July 12, 1951, the lesion was explored under 


a tourniquet through an S-shaped incision placed posteriorly. On incision of the deep fascia, the mass was 


found to have its origin within the substance of the lateral head of the gastrocnemius muscle. The tumor 


consisted of large bluish cavernous sinuses within « firm stroma both of which were displacing the muscle 


The lesion was fairly well circumseribed, so that it could be removed without sacrificing the most lateral 
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portion of the lateral head of the gastrocnemius muscle and its investing fascia. Thereby, functional integrity 


of the calf muscle group Was maintained 

The resected tumor measured three by five by six centimeters. Grossly and on cut section, in size and 
consistency as well as appearance, the specimen resembled that in Case 1. Microscopie examination (Fig. 2) 
revealed the single-lavered endothelium-lined Spaces and focal collections of ly mphoey tes to be more numer- 
ous than in the former specimen. The thick-walled blood vessels prominent in Case | were not so numerous 
Degenerating muscle bundles were prominent. The diagnosis was cavernous hemangioma of the lateral head 
of the right gastrocnemius muscle 

The wound healed by primary intention. Normal, symptomless function of the extremity has been 
restored without evidence of recurrence 

The patient was re-examined on Mareh 21, 1953. Function in the involved extremity had remained 


normal and there was no evidence of recurrence 


Case 3. (D. M. J.) This patient was a colored girl, eight vears of age, who complained of a swelling over 
the anteromedial aspect of the right thigh of four years’ duration. The patient associated the onset of swelling 
with a fall which resulted in an injury to the right thigh. Pain had never been evident in the mass. In response 
to questioning about enlargement, the patient stated, “It grows as I grow”. Neither increased heat nor 
redness had been observed. Other than the usual childhood diseases, the past history was negative 

examination (Pig. 3-A) revealed a firm, non-tender, non-fluctuant, non-compressible, slightly warm 
mass, measuring approximately three by four inches, arising deep to the deep fascia over the anteromedial 
aspect of the right thigh just proximal to the patella. The skin was pliable over the mass. Function of the 
knee joint was normal. The mass was made more firm by contraction of the quadriceps. It failed to transil- 
luminate. A thrill was not palpable nor was a bruit audible. A tourniquet above the mass failed to alter 
Its size 

Findings at routine laboratory examinations were within normal limits 

Roentgenograms showed an elliptical soft-tissue swelling within the muscle mass of the anteromedial 
aspect of the lower third of the right thigh just above the knee joint. There were three smal! calcifications 
(phleboliths) within the mass. Alterations in the structure of the femur were not evident 

\ diagnosis of cavernous hemangioma of the right quadriceps muscle wa made, and on December 20, 
1951, under a tourniquet through an anteromedial incision, the tumor was exposed (Fig. 3-B). A- large 
cavernous plexus was found to be poorly isolated within the substance of the lower half of the right quad- 
riceps muscle, involving all four of its components and extending down into the conjoined suprapatellar 
tendon. By cutting across normal muscle proximally and laterally and across the conjoined tendon distally, 


we were able to remove the lesion completely. The suprapatellar defect created thereby was repaired by 
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bridging the gap with a fascial graft, together with medial transposition of the remaining fibers of the vastus 
lateralis and transplantation of the sartorius muscle into the patella 

The removed specimen measured two by eight by eight centimeters. Grossly, the lesion differed from 
that in the previous two cases in that fibrous tissue, while evident, was less marked and the tumor less well 
circumscribed. Microscopically (Pig. 3-C) the picture differed from: Case 1 in that thick-walled vessels were 
not observed, degenerating muscle bundles were more numerous, and the fibrous stroma was more loose and 
less evident. In some areas, thin-walled sinusoids composed of single layers of endothelial cells were seen to 
rest directly upon muscle. The diagnosis was 
cavernous hemangioma of the right quadriceps 
muscle 

The patient was re-examined on March 
28, 1953. She had not experienced pain in 
the thigh since shortly after removal of the 
lesion, There was no physical evidence ol 
tumefaction. The range of active and Puseive 
motion of the right knee was between 90 and 
ISO degrees, with strong positive extension of 
the knee primarily by the transplanted 


sartorius muscle 


Case 4. On June 8, 1953, D. L., a four 


teen-vear-old white female, was admitted to 


,haemangioma 
cut edge of 


rectus femoris 


vastus lateralis 


vastus inlermedius 


tendon of 
rectus femor 


patella 
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St. Vincent's Infirmary with the complaint of a painful swelling over the dorsal aspect of the right foot 
between the third and fourth metatarsals. The swelling measured two by three centimeters and was located 
deep to the subcutaneous tissue. It was intermittently painful, slightly compressible, tender, non-fluc tuant, 
and did not transilluminate light. An overgrowth of approximately three millimeters was noted in the 
third toe 

toentgenograms of the right foot demonstrated a soft-tissue swelling between the third and fourth 
metatarsals with spreading of the bones. Sclerosis and notching of the cortex of the third metatarsal were 
evident. Phleboliths were not noted. A diagnosis ol eave nous hemangioma of the Interosseus between the 
third and fourth metatarsal of the right foot was made 

On the following day, under a general anaesthetic and with a tourniquet, the lesion was removed. There 
Was minimal extension of veins from the muscle into the subcutaneous tissues of the dorsal aspect of the foot 
However, the lesion was obviously arising from the interosseus between the third and fourth metatarsals 
Microscopic examination of the removed specimen demonstrated at yp al cavernous he mangioma ol muscle 
The lesion involved the greater portion ol the intérosseus between the third and fourth metatarsals, 

The period ol postoperative observation is short, but the patient s condition is sutistactory and no 


recurrence is ant icipated 


In addition to those presented, the author has been able to find fifteen cases (Table 


{1) of cavernous hemangiomata of muscle not included in Bonvallet’s review of the subject, 


INCIDENCE 


Kornmann has asserted that hemangiomata constitute 7 per cent. of all benign tumors 
occurring in man. Weaver, upon analysis of 142 cases of hemangiomata of the deeper 
structures of the lower extremities, found that 107, or 76 per cent., occurred within the 
muscles, and in those cases in which the growth had its origin within musele. it was con- 
fined to one muscle in 66 per cent. 

Ina review of 1,308 hemangiomata observed at Memorial Hospital in New York, 
Watson and McCarthy noted the neoplasm to have been located within muscle in ten 
instances. Jenkins and Delaney on studying 256 cases of muscle angiomata found that 
in those instances in which the age of onset was given, 47 per cent. occurred during the 
first decade of life, while 79 per cent. were evident by the end of the second deeade. and 
that 94 per cent. were demonstrated before the patient was thirty years of age. In 70 per 
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TABLE I 


BONVALLET 


Review or KNowN Cases Nor INCLUDED BY 


Nuthor eons ription of Cases and Location No. of Cases 


ikin sand Sixteen cases of diffuse hemangioma. ite of origin could not be deter 


Cooper, TAG mined in all eases. The following sites of origin were established 


masseter and temporal muscles (2); intrinsic muscles of hand (1 


frontalis (1); vastus lateralis (1); muscles of shoulder (1); and latissi 


mus dorsi (1 7 

Ciottrvd, LOW Cavernous hemangioma arising trom the paravertebral muscles ind 
producing selatica, Removal was successful l 

bart nad Cavernous hemangioma of medial head of gastrocnemius in boy 
Reid fifteen years ol age 
Foreonit and Cavernous hemangioma arising within the inuscles of the forearm l 


Fient, 


Cavernous hemangioma ol peroneal muse les ina male ten vears of age 


Camera 


Partial reseetion was followed by a recurrence so that total reseetion 


Wits 


Corsi, 140 Primary hemangioma of the extensor digitorum longus communis | 
Chipps and erectile cavernous hemangioma of the masseter muscle in a white man 

Weiter, 1950 nineteen years of age. Excision without recurrence l 
Immink, 1950 Cavernous hemangioma of the thigh containing approximately 0.5 liter 


of blood 


sertoglio, 1O51 Cavernous hemangioma of the flexor muscles of the right forearm | 
the flexor digitorum profundus, lateral 


Jones, 1953 Cavernous hemangiomata o 


head of gastrocnemius, quadriceps, and interosseus between third 


ind fourth metatarsals 


Previous! reported ceases Jonvallet, | 


Total of known re ported enses to date 


cent. of their reported cases, the lesions were located within the muscles of the extremities 


ETIOLOGY 


There is no unanimity of opinion concerning the etiology and pathogenesis of heman- 


vioma. It is most likely, however, that hemangiomata are congenital in origin, 


CLASSIFICATION 


Classification of hemangiomata, like that of neoplasms in general, is not universally 
agreed upon. From Boyd's simple division into capillary and cavernous types, attempts 
extend to Watson and MeCarthy's monumental chinicopathological 


at classification 
grouping with eight divisions. Nevertheless, almost all hemangiomata of musele which 


have been reported are described as cavernous and consisting of endothelium-lined 


sinusoids supported by a fibrous matrix, the proportion of sinusoids to fibrous stroma being 


subject to considerable variation Most of these lesions are benign. Geschickter and 


Keasbeay have stated that less than L per cent. of benign angiomata become malignant 


CLINICAL FINDINGS 


In hemangioma of muscle, the presence of a swelling, with or without pain, is the 


Examination revealed a mass in OS per cent. ot those causes re- 


most common complaint 
viewed by Shallow, Eger, and Wagner. Pain was a complaint in only 60 per cent, 


Pain, when present, may be constant, intermittent, or recurrent. It may be experi- 


enced only on contraction of the muscle or when external pressure is applied. On occasions, 


the mass is so sensitive that palpation must be carried out under anaesthesia. The patient's 


pain may be localized, referred, or radiating along a nerve trunk; it may be sharp or dull, 


mild or severe. A sensation of pressure within the mass is sometimes complained of by the 
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patient. Pain is most often evident when the lesion is found in one of the narrow muscles, 
such as the sartorius 

A demonstrable swelling may be soft or hard, tender or non-tender, with approxi- 
mately equal incidence. The consistency of the lesion is primarily dependent upon the 
proportion of vascular spaces to fibrous stroma. Swellings as small as a pea and as large 
asa foetal head have been described. The outline of the mass may be sharp or poorly 
defined, while the surface may be smooth or nodular. Pulsations and bruits have been 
observed rarely, while the deformity usually cannot be completely reduced under pressure. 
Asa rule, the skin and subcutaneous tissue are not involved and can be demonstrated as 
freely movable over the muscle and deep fascia, but bluish diseolorations due to dilated 
veins and ulceration of the skin have been observed. Seldom does elevation of the ex- 
tremity or application of a tourniquet alter the size of the swelling. Transillumination is 
hot possible. Careful examination will in most instances locate the mass within or at- 
tached to muscle. 

Limitation of motion and impairment of function may result from an expanding 
growth. Motor and sensory impairment resulting from damage to peripheral nerves may 
be encountered. Hyperaemic hypertrophy and anaemic atrophy of the involved extremity 
have been reported 

A roentgenogram is a most helpful diagnostic aid. [If two-plane views are taken for 
both bone and soft-tissue detail, the true nature of the lesion in many instances will be 
suggested, and in some instances it can be established. Bone changes are observed in- 
frequently. Shallow, Eger, and Wagner mentioned a periosteal reaction in six of their cases, 
while this reaction constituted one of the most outstanding findings in the author's first 
case. Depending upon its site and location, a soft-tissue mass may be delineated by an oval 
shadow adjacent to or attached to, but not arising from, the neighboring bone. Phlebo- 
liths, usually multiple, found in approximately 50 per cent. of all cases, are,when present, 
Visualized as densely caleitied, sharply outlined, oval areas within the tumor shadow. These 
opacities must be differentiated from calcified parasites such as are found in trichiniasis, 
Which are much smaller, and Cysticerei, which are usually elongated and less dense. On 
OCCASIONS, Caleification large area is demonstrable. 

Pomeranz and TPunick state that ‘The most accurate aid to diagnosis which we pos- 


sess is the injection of a radiopaque substance in order to visualize and identify the lesion.” 


DIFFERENTIAL DIAGNOSIS 

Shallow, Eger, and Wagner stated that a correct diagnosis has been made preopera- 
tively in only 19 per cent. of all reported cases. Undoubtedly this poor showing is, more 
than anything else, due to failure of the clinician to consider hemangioma of muscle as a 
possibility. But, in addition, because of its deep-seated location and its extremely variable 
$12e, shape, and consistency, the true nature of the lesion is often difficult: to establish. 
Barr and Reidy, in discussing one case, emphasized this difficulty. 

The most usual error in differential diagnosis is to regard the growth as a lipoma. 
Both tumors are slow-growing, but confusion of one for the other should not occur if it is 
remembered that fatty tumors of muscle are extremely rare and if examination of the 
lesion is adequate to determine that the mass is deep to the subcutaneous tissue. A 
diagnosis of primary carcinoma of muscle has been considered, but this condition does 
not seem to occur in muscle. Hygroma and dermoid cyst are seldom found outside their 
classical locations. Myoblastomata and rhabdomyomata occur with extreme infrequency 
Acute abscesses, osteomyelitis, and phlebitis are prone to be associated with toxic symp- 
toms and a systemic reaction. Patients with a simple hemangioma of muscle as a rule ap- 
pear healthy. Neurofibromata and fibromata grow rapidly and have well defined borders. 


Chronic myositis is suggested by a deep, painless, brawny thickening attached to bone, 


while myositis ossificans is usually seen roentgenographically hiding behind its dotted veil. 
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Hematomata can often be diagnosed by aspiration. Syphiloma and varicose veins, in 
econutrast to hemangioma Ol mtisc le, are Classically seen it the lates decades ol life and 
should not be confused with it. Arteriovenous aneurysms are infrequently congenital and, 
aus arule. a thrill and a bruit are Gemonstrable and may be associated with other cardio- 
vascular changes. Tuberculosis of muscle is not seen frequently and, if present, is likely to 
be associated with evidence of that disease elsewhere. Muscle herniae are usually seen to 
distend through a well circumscribed opening on contraction and to become reduced 
spontaneously upon relaxation. The x-ray should, in most instances, rule out tumors 
arising from bone. Hydatid cysts, which are very rare, like ganglia vield a serous fluid on 
aspiration, The absence of a history of penetration should eliminate the possibility of a 
foreign-body reaction, 

Biopsy or partial resection as a means of diagnosis would seem to be indicated only 


when exploration revealed that the lesion is not resectable 


PATHOLOGY 


Hemangiomata seldom metastasize but are often sufficiently destructive to be re- 
garded as locally malignant. The origin of the tumor seems most likely to be from mis- 
placed embryonic mesenchyme deposited in the perimysium. Its growth by infiltration 
is like that of a malignant neoplasm, endothelial buds being sent out between neighboring 
muscle bundles which degenerate beneath their onslaught. Muscle is replaced by a fibrous 
connective tissue which supports capillaries, thin-walled sinusoids, hypertrophied arteri- 
oles, and collections of ly mphocytes. 

Gross examination in situ usually reveals the host muscle to be distended by engorged 
cavernous sinuses Which protrude between the uppermost muscle bundles. On palpation, 
the turgescence may be firm, soft, or rubbery in consistency, depending upon the propor- 
tion of fibrous matrix to sinusoids. It may be possible to delineate a well circumscribed 
outline, or transition into normal muscle may be so gradual that the limits of invasion 
can be determined only on transection of the muscle. The growth may infiltrate the 
tendon 

On section, the cut surface is usually greyish white, with vellow fatty areas and iso- 
lated muscle groups in various stages of degeneration. Vascular spaces of various size ave 
seen th an miconhstant proportion In some cases, the cut ends of the vessels stand out like 
pipes. Nerves may be found within the tumor stroma. Phleboliths and areas of ossification 
are often located if sought for 

Microscopically, the outstanding feature is the large number of vascular spaces lined 
by a single laver of endothelium, The lacunae vary from capillary to cavernous in size and 
communicate freely. Groups of degenerating muscle fibers, focal collections of inflamma- 
tory cells, and large fibrotic arteries may be demonstrable. Normal veins can be found, 
especially near the periphery of the accretion. Thrombosis, sclerosis, and hyalinization of 
vessels is usually observed. Phleboliths, organized thrombi impregnated with tricalcium 
phosphate, may be encountered 

Connective-tissue septa constitute the matrix of the growth. Fibroblastic prolifera- 
tion may be so marked as to resemble a fibrosarcoma 

The degree of inflammatory reaction is often in direct proportion to the patient's 


complaint of pain 


PREATMEN'T 


The forms of treatment recommended for hemangioma of muscle are many and varied, 
Ointments, pastes, and poultices have been applied to the skin, while magnesium darts 
and ivory pegs have been inserted beneath it and sclerosing agents injected into it with 
little success. Cole and Hunt, while not specifically discussing hemangioma of muscle, 


were enthusiastic in their recommendation of the use of boiling water as advocated by 
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Wyeth for thermal coagulation of the blood and scalding of the intima. Except for Reder, 
few other authors have used it so successfully; perhaps because of the special technique 
required, 

Carbon dioxide snow and electrocoagulation are not indicated. 

Radiation by both x-ray and radium has failed to prove a satisfactory means of con- 
trolling hemangioma of muscle. In many instances, no effect has been observed, and since 
these growths are prone to occur near joints in children, the possibility of epiphyseal 
distortion renders it potentially dangerous in many cases, 

lontophoresis with sodium salieylate has been accredited by Pegri as curing a giant 
hemolymphangioma in a three-year-old child, but it seems more reasonable to assume 
that the patient’s cure resulted from a spontaneous thrombosis and regression of the 
growth 

At present, complete surgical excision under a tourniquet is unquestionably the 
treatment of choice. Partial resection has, in many instances, been reported as permitting 
a recurrence. A bloodless field is imperative for suecessful removal of the lesion. 

Amputation in the case of solitary hemangioma of muscle should not be resorted to 
either through erroneous diagnosis of a malignant tumor or through fear of a fatal hemor- 
rhage during resection, but should be reserved for those diffuse, spreading hemolymphangi- 
omata which have failed to be controlled by any other means. 
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\Iape IN Revatrion to Human Gari 


(Continued from page 


viving this symphonic score of concerted muscle activity depth as well as width, so as to 
make it tridimensional, figuratively speaking. 

These refined and convenient electromyographic methods of later days are indeed a 
long ery from Braune and Fischer's laborious attempts to calculate muscle efforts over 
the devious route of mathematical computations 

We see at long last with great satisfaction that kinetics of the human body, the most 
difficult part of which is kineties of gait, has come into its own. So long as the investiga- 
tions were confined to the normal, the rank and file of orthopaedic clinicians showed only 
passing interest. Since it has become apparent that the kinetic analysis of gait has devel- 
oped into a guide for clinieal practice and an effective adviser in difficult and controversial 
situations, a definite change has come about. 

It is only necessary now, it seems to us, to unfold to the student these problems of 
kinetic analysis of normal and of pathological locomotion in more simple and more 
plausible form. The older classics on human gait, especially Braune and Fischer's, con- 
ceded nothing to the reader's possible shortcomings in physical and mathematical ground- 
work, and most of these publications are painfully difficult reading. So much more must 
be appreciated the more simplified and more intelligible methods in whieh Dr. Inman and 
Dr. Saunders presented at the London Meeting what they have called the major determi- 
nants of gait. Dr. Slocum's graphie stroboscopic demonstration of the prosthesis gait is of 
the same high order. These investigators have shown that an interest and an understand- 
ing of the problems can best be served by refining the manner of presentation, couching 
them in more acceptable and more simple terms, and by applying greater didactie skill in 
unfolding difficult kinetic situations. 

It is to be expected that this will be a major issue in the future when the kineties 
of the human body becomes fully accepted in clinical practice; when it is given equal 
rank with anatomy and pathology; and when it is finally realized that without this ancillary 
science no orthopaedic training can be called adequate. 

Arthur Steindler 
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A STUDY OF ONE HUNDRED AND FOUR CONSECUTIVE CASES 
OF FRACTURE OF THE HIP 
BY KENNETH CHRISTOPHE, M.D., LOUIS G. HOWARD, M.D., 
PHEODORE A, POTTER, M.D., AND ARTHUR J. DRISCOLL, M.D., BOSTON, MASSACHUSETTS 


From the Orthopaedic and Fracture Service, Massachusetts Memorial Hospitals, Boston 


In 1934, a series of 100 consecutive fractures of the neck of the femur was reported 
in the Journal of the American Medical Association’; the report included studies of the 
method of treatment, mortality, and end results. This article presents an analogous study 
of 104 consecutive fractures of the neck of the femur treated since the publication of the 
first paper. The majority of the fractures in this series were treated by internal fixation, 


by means of either Smith-Petersen cannulated nails or Smith-Petersen nails with Thornton 
plates. The operative technique varied somewhat according to the individual surgeon, 
but all patients were operated upon by the authors in the same Hospital. 

With the development of the Smith-Petersen nail for the internal fixation of the 
fractured femoral neck, a definite advance was made in the treatment of the fracture. 


TABLE I 


Dispostrion AND TREATMENT * 


Deaths Died in 
No. of in the less than No, for Bony Non- Aseptic ** 


Cases Hospital Six Months Evaluation Union Union Necrosis 


No. treatment 

Traction only 

Nailed through small lateral 

Nailing open shaft *** 

Open reduction 


Totals 104 14 70 


* Of 104 patients admitted to the Hospital with a fractured femoral neck, five patients died before any 
definitive treatment could be rendered; one was sent to a mental hospital. In addition, nine patients died 
while under treatment, before union of the fracture could be expected; seven more patients died in less than 
six months. kighty-three patients thus remained for evaluation 

** Patients with aseptic necrosis are in addition to those with non-union 


*** exposure was made through an adequate lateral incision, 


Karly ambulation became possible; this lowered the incidence of pneumonia and reduced 
the time spent in the Hospital. It was hoped, by accurate reduction and fixation, that the 
incidence of non-union, extensive absorption, and late aseptic necrosis of the head of the 
femur would be reduced. Early reports in the literature suggested this possibility, but the 
re-establishment of the local blood supply still seems to be dependent on factors beyond 
the control of the surgeon. 

It is possible to nail all fractures, regardless of the age or physical condition of the 
patient. This was made possible to a large degree by the advance in the administration of 
regional and general anaesthesia. 

The earlier fractures in this study were reduced and were nailed in the operating 
room, the nail being introduced through a lateral thigh incision after the introduction of 
Kirschner wires. [ts position was checked by serial x-rays in both anteroposterior and 
lateral planes. The later fractures were operated upon under fluoroscopic control, with : 
resulting reduction in operating time. A large number of the later fractures were operated 
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TABLE II 
NecK 1937 To 1949 
Hosprrats 


FRACTURES OF THE FEMORAI 
aT MaAssAcHUSETTS MEMORIAL 


Total number of patients 


Private patients 70 
louse patients 3 
Age range 30 to YO vears 
(age mean: OS 
Deaths in the Hospital 14 
Patients receiving definite treatment OS 
Patients for whom no treatment could be offered 6 
Patients unsuitable for operation 14 


upon by means of a technique in which only a small incision was made about the Kirschner 


wire selected under fluoroscopic control as the most centrally located to allow for the 


introduction of the Smith-Petersen nail 
Alter sutistactory nailing, bed rest was continued tor a period of two weeks, unless 


symptoms appeared of impending pulmonary complications, mental deterioration, or other 


geriatric problems in old people confined to bed. Under these circumstances, the patient 


was more actively mobilized to a chair and crutches 
Weight-bearing was allowed at varying periods postoperatively, at the preference 


of the operating surgeon, ranging from one week to twelve weeks, with the greatest num- 


ber of patients beg permitted weight-bearing between three and six weeks. It was 


unfortunate that the actual time of weight-bearing was not recorded in a large number of 


the early cases. All patients were given careful instructions in walking and sitting so that 
the affected limb was not externally rotated at any time 


As shown in Table [, fourteen patients died while in the Hospital under treatment 


and seven more died in the first six months after operation. This left a total of eight y-three 


patients for evaluation. Bony union was obtained in seventy patients, or S84 per cent 


Of these, aseptic necrosis of the head developed to some degree in ten, but there was union 
at the site of the fracture. Non-union occurred in thirteen patients. Thirty-seven fractures 


were nailed through a small lateral incision; thirty-three by exposure of the lateral shaft 


of the femur; and five by exposure of the head and neck. There seemed to be little dif- 


ference in the end result whichever the method used 
As seen in Table II], of the eighty-three patients available for evaluation, all were 


followed for at least nine months, and seventy-five patients were followed for a year or 


more. Six patients were alive and were seen at follow-up examination ten years after the 


initial treatment 
Table IV is a comparison of the present series with the series reported in 1935. It 


will be seen that, although the immediate mortality rate in the Hospital was lower in the 
present series, there was little change in the mortality rate in the six-month period atte: 


injury. In the present series, the causes of death were: 


Cardiae fatlure 5 
Pneumonia 2 
Pulmonary embolism 
Nephritis 


Cerebrovascular accident 


Thyrotoxicosis 


‘Sable V is an analysis of the causes for non-union. All fractures with non-union showed 


incomplete reduction with one exception. In two patients, a second reduction and nailing 


was attempted and a satisfactory position was obtained, but in both fractures non-union 


developed. In one patient whose fracture had been adequately reduced and whose femoral 
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TABLE II 


FoLLow-UP OF PATIENTS 
(Series of 1937 through 1949 


Patients Known to be 
Living and Seen Length of Follow-up 


at Follow-up (Years 


9 (months 


TABLE I\ 


\ COMPARISON OF THE Two SERIES 


1934 Series 
Total number of patients 
Untreated (died 
Treated 
Whitman spica 
Died 
Union 
Non-union 
Unknown 
Traction 
Died 
Union 
Non-union 
Unknown 
\ge extremes 12 to 89 years 
(mean age: 67) 


Mortality in the Hospital 19 per cent. 


1050) Series 
Total number of patients 
Untreated (died 
In the Hospit il 
In less than 6 months 
Treated 
Smith-Petersen nail 
Died in the Hospital 
Died in less than 6 months 
Union 
Aseptic Necrosis 
Non-union 
Traction 
Died in the Hospital 
Union 
Ase ptie necrosis 
Non-union 
(ge extremes 30 to 90 years 
(mean age: 68) 
Mortality in the Hospital 13.4 per cent. 
Total deaths in less than 6 months 21 
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TABLE V 


ANALYSIS OF NON-UNIONS * 


Nail too 
Method of Treatment No. ol Incomplete Position Nailed Rotation Short, with 
Reduction Varus  Valgus twice ot Head Distraction 


Traction only 


Nailing through small 


lateral incision , | 4 
Open shaft nailing 2 I 2 0 0 | 0) 


Open reduction 


Totals ) 10 i2 2 | 


* exclusive of puitients who died in the Hospital or in less than six months, as well as other patients 


who were unsatisfactory for inclusion, as shown in Table I 
head had been placed in a valgus position, non-union developed. As might have been 
> expected, traction alone proved to be inadequate fixation, and non-union was the common 
result; in six of the ten patients so treated who were available for evaluation non-union 
developed. It may be that insufficient pull Was applied, as all fractures treated by traction 
were incompletely reduced, with some varus deformity persisting. A careful study of all 
hips suggested that union was more likely to occur with the fracture reduced completely 
in anatomical position 

When the reasons for aseptic necrosis were analyzed, incomplete reduction, again, 
was the common finding, with varus deformity, apposition of SO per cent. or less, and 
unreduced rotation present either in combination or as a single factor (Tables VIO and 
VIL). However, even with adequate reduction and fixation, too early weight-bearing may 
be a factor and should be avoided. 
TABLE VI 


Cases or Necrosts Excuusive or THosk with NON-UNION 


ANALYSIS OF 


\pposition 
Method otf No. of Position * Weight-Bearing ** of Less than Rotation Bony Union fesult 
Varus Valgus early Late SO per cent 3 Mos 6 Mos Ciood Bad 


Treatment Cases 


Nailed 
Through 
small 
lateral 
INCISION 
Nailed: 
Open 
shaft 


* One patient is omitted, He was treated by traction only 
** Karly weight-bearing is defined as weight-bearing permitted in less than one month. Late weight- 
bearing, in most cases, means limited weight-bearing with crutches for three months. In four patients, the 
only predisposing factor to aseptic necrosis seemed to be early weight-bearing, that is, these patients all 
had had excellent reduction and had given early evidence of bony union in less than one month after nailing 
Three patients had good results three to five years later; one patient had a poor result due to flattening of 
the femoral head and arthritis 

*** Bad results in eight patients are attributable to arthritis and resorption of variable amounts of the 
femoral head and neck with shortening 

t One fracture was nailed twice 

it One patient from another clinic with non-union and aseptic necrosis of fourteen months’ duration 
was successfully treated with bone-grafting. 
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TABLE VII 


Nail Centrally Located and Nail Eecentrieally Placed, Reduction Less 
Reduction 90 to LOO per cent than SO per cent., or Both 


nion oh 


5 Union 11 
Non-union 3 Non-union 5 
Died 10 Died l 


Total 67 Total 7 
Aseptic necrosis 


Aseptic Hecrosis 


Further study of the x-rays of all patients with non-union revealed that obliquity 
of the fracture line (Table VILL), with incomplete reduction, was present in all patients 
with non-union, Obliquity of the fracture line makes reduction difficult to obtain and to 
maintain at the time of operation and may be a justifiable reason for open operation. 
Poor location of the nail was the important factor in only three patients, two patients 
With non-union and one with aseptic necrosis. In all three, it was necessary to remove the 


TABLE VIII 


CLASSIFICATION ACCORDING TO LOCATION AND Tyre OF FRACTURE 


Type of Fracture No, of Cases Union Non-Union Died 


Femoral neck 


Transverse yah Is 5 3 

Oblique $33 22 6 2 
Subeapital 

Unelassified 0 0 

Transverse 13 11 | 

Oblique 3 2 0 l 


Unelassified 


Totals 


nail and, after a second reduction, to re-insert it in a more central location in the head and 
neck. In all three, the nail was in the anterior and superior part of the head and neck 
after the first reduction and nailing, and it broke through anteriorly. In one of these 
patients in whom the nail was in a poor position non-union occurred in spite of the valgus 
position of head. 

In nine patients the fractures were re-nailed-—in three because of poor location of 
the nail, and in six because of incomplete reduction or loss of reduction after nailing. In two 


TABLE IX 


Died in Less than Died in the 
No. of Cases Union Non-Union Aseptic Necrosis Six Months Hospital 


Head in Valgus Position after Reduction and Nailing 


Head in Varus Position after Reduction and Nailing 
28 12 9 3 3 3 
Head in Anatomical Position after Reduction 
25 a5 0 0 0 0 


* In five patients who had aseptic necrosis, the end result: was satisfactory. 
** In two patients who had aseptic necrosis, the end result was satisfactory. 
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TABLE X 
Time PERMITTED * 
Time Weight 
Bearing Permitted No. of Cases Union Non-Union 
(Weeks 
0 
2 
6 2 
0 
6 17 15 2 
9 2 
10 2 2 0 
12 0 
It } 0 
Totals 67 
* Time in which weight-bearing was permitted was not recorded for thirty-seven patients. Twenty-one 


patients died in six months after operation, fourteen of whom died in the Hospital, 


patients, the nail backed out, and fixation was lost. Of these, one patient was subjected to 
re-nailing three times a Thornton plate was added at the third re-nailing. In this patient 
union occurred, Of those whose fractures were re-nailed, union occurred in three, non- 
union de eloped in five, and one died within six months of the re-nailing. In all patients 
the re-operation was done during the first Hospital admission. The nail was removed in 
eight patients; in seven of these the nail was removed after union had occurred because 
of the discomfort caused by the protrusion of the nail through the lateral cortex. In the 
remaining patient, the nail was removed because of non-union and extensive absorption 
of the femoral neck 

Thirty-two patients were lost to follow-up after one year. Of this group, there was 
non-union and evidence of aseptic necrosis in three when they were last seen. 

A review of the roentgenograms of patients with union who were lost to follow-up 
after one year revealed the probability that union would be maintained. No comment 
can be made at such an early date as to the possibility of aseptic necrosis. 

An autogenous bone peg from the tibia was used in five patients. The bone peg was 
introduced through a drill hole carried through the neck into the head from the lateral 
cortex after the exposure of the head and neck and visual reduction. The fracture was 
still further fixed with Moore pins, a Smith-Petersen nail, or both. One patient died in 
the Hospital; non-union developed in one patient with absorption of much of the neck 
and head; union occurred in three. In one of the three patients in whom union occurred 
the hip became ankylosed through calcification of the joint capsule, 

A study of all patients in whom reduction and nailing had been done (the head being 
nailed in valgus position) revealed that of thirty patients, union occurred in twenty-two 

five of these had a minor amount of aseptic necrosis; four of the thirty patients had non- 
union; and two had extensive aseptic necrosis with an unsatisfactory result (Table LX) 
Of the twenty-eight patients in whom reduction was incomplete and in whom a varying 
amount of varus deformity still persisted, union occurred in only twelve, and two of these 
had a minor amount of aseptic necrosis; non-union developed in nine of the twenty-eight, 
and six patients had extensive aseptic necrosis with a poor end result. It is interesting to 
note that all cases of non-union and aseptic necrosis occurred in the group of patients in 
whom either a varus or a valgus deformity was present after reduction. Union oecurred 
in all hips in which anatomical position had been obtained at reduction (Table 1X). In 
hips with a varus position of the head after reduction and nailing, there was a tendency 
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to aseptic necrosis, non-union, or both. Only one patient with non-union, who was living 
after six months, was suitable for an additional operative procedure. This patient was 
treated early in the series, and a stable hip was obtained by means of a McMurray osteot- 
omy. Other patients suffered too much mental deterioration or general debility to be 
suitable for further surgery. 


SUMMARY 


One hundred and four consecutive fractures of the neck of the femur were reviewed, 
Fourteen patients died in the Hospital, and seven more died within six months of injury, 
leaving eighty-three patients for evaluation. All patients were followed at least nine 
months, sixty-four patients have been followed for three years or more, and six patients 
for ten years. In thirteen patients non-union oceurred and in sixteen patients aseptic 
necrosis of a varying degree developed. Analysis of all cases of non-union and aseptie 
necrosis suggested that incomplete reduction with persistent varus deformity was the 
commonest cause of poor results. Overcorrection with the head in a valgus position did not 
necessarily ensure union as had been suggested by some observers ?44, Our study suggests 
that obliquity of the fracture line may require open reduction for accurate reduction and 
fixation. Union occurred in seventy of the eighty-three patients available for evaluation. 
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Report of One Hundred 


PARAPLEGIA RESULTING FROM TUBERCULOSIS OF THE SPINE * 


BY DAVID M 


BOSWORTH, M.D., A. DELLA PIETRA, M.D., AND GEORGE RAHILLY, M.D., 


NEW N. ¥ 


YORK, 


From the Orthopaedic Service of Sea View Hospital, Staten Island, New York 


STATISTICAL STUDY 


This study includes 122 patients at Sea View Hospital who had paraplegia due to 
tuberculosis of the spine during the fourteen vears from 1937 to 1950 inclusive. During this 
period of fourteen years there were 510 patients with tuberculosis of the spine under our 
care at that institution. Since in 122 of these paraplegia developed, the incidence was 23.9 
per cent. There were forty-seven white and seventy-five colored patients. Kighty-three 
patients were male and thirty-nine female. The average age was 30.1 years, the oldest 
patient being sixty-nine years and the youngest two vears. Color and sex had no specific 
influence on success of treatment (Table 1) 


* Read at the Section on Orthopaedic Surgery of the American Medical Association, Chicago, Illinois, 
June 10, 1952 
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TABLE I 


INCIDENCE OF PARAPLEGIA IN TUBERCULOSIS OF THE SPINE 


No. of Patients 
510 


122 


Patients with tuberculosis of the spine 


Patients with paraplegia 


White 17 

( ‘olored 75 

Male 

Female 
TABLE II 


DistRiIBUTION 


2 to 70 Years 
30.1 Years 


tange of “ages 
Average age 


Age Groups Spines Involved Paraplegia 
(Years) (Per cent. of Series) (Per cent. of Series) 
Othrough 16.83 12.29 
10 through 19 15.05 22.95 
20 through 20 25.25 17.21 
30 through 30 19 O4 19.67 
through 14.79 12. 20 
5O through 59 6.63 11.48 
60 through 70 1.78 100 


There were ten paraplegics between the ages of two and five vears; there were an 
additional five between the ages of five and ten years Therefore, in fifteen instances para- 
plegia occurred below the age of ten (Table I]. These children showed the greatest: per- 
centage of favorable outcome. Comparing the age incidence of paraplegia with the genera! 
age incidence of tuberculosis of the spine, one finds that paraplegia occurred in approxi- 
mately the same ratio except for the first decade. During that period the incidence ot 


paraplegia was definitely lower than the incidence of tuberculous involvement of the spine 


Condition on Admission 

There were forty-seven paraplegics who on arrival were in such desperate condition 
that nothing could be done for them; all forty-seven eventually died. Of these, twenty-six 
had hopelessly advanced pulmonary disease. Overwhelming multiple osseous lesions, bi- 
lateral renal disease, multiple sinuses in the spinal area, infected old surgical wounds, and 
massive decubiti, as well as inanition, psychotic state, refusal of surgery even by desper- 
ately ill patients, and the condition following laminectomy, all had influence on the fatal 
outcome, Combinations of these adverse findings were frequently encountered. These 
forty-seven patients were never operated upon by us. At admission conference all were 
noted to be patients in the hopeless terminal phases of tuberculosis, for whom nothing 
but custodial care could be provided 

This leaves a balance of seventy-five patients for whom there was thought to be a 
possibility of salvage. Many of these patients were also in desperate condition on arrival, 
None of them could be considered as having a favorable prognosis, in view of the known 
tuberculous spine lesion together with paraplegia or paresis. Of these seventy-five patients 
whom we thought there might be some possibility of saving, the majority were sent in, 
with the expectation of a fatal outcome, by other hospitals’after months or years of treat- 
ment. Sea View is the end resting place for any tuberculous patient in the New York City 
hospital system for whom it is thought that nothing else can be done. 


SURGERY 
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PARAPLEGIA RESULTING FROM TUBERCULOSIS 


Status of the Paralysis 


Ninety-nine of the 122 patients had complete paraplegia, motor and sensory: twenty- 
three had paresis or partial paralysis. All of these had sustained clonus and varying 
amounts of motor weakness and sensory loss. A patient with incipient paraplegia which is 
not permitted to go on to total loss of function has a much better prognosis than a patient 
with complete paraplegia. Only one of the twenty-three patients with paresis succumbed, 
while sixty-eight of the ninety-nine patients with complete paraplegia died. To prevent a 
paresis from developing into a full-blown paraplegia demands early recognition and 
prompt surgery. With such care, the prognosis for permanent recovery is excellent. With 
late diagnosis of extradural pressure in tuberculosis of the spine and so-called conservative 
treatment, the outlook is poor. Early recognition demands, as part of the routine examina- 
tion of any patient with tuberculous spinal disease or suspicion thereof, the inclusion of 
observation of clonus, Babinski, and other reflex changes. The outstanding early objective 
sign is clonus 


Diagnosis 


Diagnosis of this condition rests upon the known fact of tuberculous involvement of 
the spine together with sustained clonus. All of the other findings of gradually increased 
pressure, such as Babinski, weakness, and sensory change eventuating in complete para- 
plegia, may be present in addition. Since tuberculous epidural abscesses extend beyond rec- 
ognizable limits, spine taps must be avoided. Meningitis may result from dural puncture. 

All of the 122 cases of paraplegia were of the spastic type, except for one flaccid-type 
paraplegia. 

In the main, paraplegia is associated with disease of the thoracic spine. In 115 patients 
the thoracic area was involved; all of these patients had paraplegia. In six the cervieal 
region was invaded; all of these had quadriplegia. In one instance the low lumbar region 
was involved with flaccid cauda equina type of paralysis 

The difficulties of accurate early diagnosis are well illustrated by the variety of diag- 
noses made elsewhere at onset of paraplegia. These included arthritis, fracture of the spine, 
neoplasm, myositis, gumma, ependymoma, amyotrophic lateral sclerosis, subacute com- 
bined degeneration of the cord, hysteria or other psychoneuroses, malingering, and seiatiea. 
There were many other indefinite diagnoses, such as localized myositis with neurological 
manifestations, ef cetera, By the time we received these patients correct diagnoses had 
finally been made. 


Treatment Previous to Admission to Seca View Hospital 


In twenty-five patients paraplegia developed while they were on the ward at Sea 
View Hospital and they were cared for throughout by us. Ninety-seven patients were 
admitted to us with paraplegia or paresis 

In six of these no treatment had been given. Ten had had casts, varying from jackets 
to double hip spicas. Thirty had had bed rest alone. One of these had had an aspiration 
ofan abscess in the thoracic area of the spine. Six had been on Bradford frames. Four had 
heen treated with active physical therapy. In twenty-one patients fusion had been done, 
but this was adequate in only two instances. The others either had had fusion of insuffi- 
cient extent or pseudarthroses were present. Since the posterior elements were still intact 
for attachment, further spine fusion was possible and they were not hopeless cases. Many 
of them, however, were in desperate condition and operation was prevented by lesions 
other than those of the spine. 

Bad as the above were, there were others admitted even more unfortunate. Fourteen 
had undergone laminectomy for paraplegia before admission to Sea View: only four of 
these patients survived. These four had their spine lesions stabilized by cireumduetion 
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fusion at Sea View. Those patients in whom the posterior elements had been removed by 
laminectomy all had had a fatal outcome before this method of circumduction fusion had 
been developed 

Two patients who were admitted after costotransversectomy had been done both 
died. Of four patients admitted with hemilaminectomy and fusion on the opposite side, 


two died and two had only partial recovery 


Treatment of Parapleqia at Sea View Hospital 
J pleg 


At Sea View Hospital the whole concept of treatment for paraplegia associated with 
tuberculosis of the spine has been based on the pathological findings. Paraplegia in the 
main develops from extradural pressure from abscess formation. Small abscesses, tightly 
enclosed by normal ligamentous structures or firm fibrous walls, are the worst offenders 
Large soft abscesses, which have escaped the natural restraining barriers, lose their ability 
to cause pressure and much less frequently are associated with paraplegia. Pressure from 
collapse and bone fragmentation is responsible for a minority of the cases. True transverse 
myelitis from pressure is unusual. We believed that SO per cent. of patients with paraplegia 
associated with tuberculosis of the spine would recover after adequate surgical fusion and 
the recession ef pressure which results. This belief has been confirmed by study of the 
series reported in this paper 

In 1934 anterior decompression (costotransversectomy and removal of sequestrated 
vertebral-body fragments) was done on five patients with paraplegia of three to fourteen 
years’ duration, spine fusion for support having been done in advance. Despite prolonged 
pressure and complete paraplegia, all except one showed improvement after decompres- 
sion. One patient recovered almost completely after paralysis of five years’ duration 
Another after fourteen years’ complete paraplegia recovered 30 per cent. of function and 
Was discharged as a wheel-chair patient. A third recovered almost completely three months 
after anterior decompression, his paraplegia having existed for three and one half years: 
but he died of meningitis six months after the operation. A fourth patient, whose para- 
plegia had existed for six years, began to move his right lower extremity at six months, 
and his left lower extremity at two vears following decompression. His final recovery from 
a complete paraplegia was estimated at 30 per cent. A fifth patient who, after anterior 
decompression, had no recovery from paraplegia had a pseudarthrosis. An attempt at 
repair Was made at the time of the decompression. Fusion never became solid at the site of 
pseudarthrosis and the patient finally signed herself out to another institution, still totally 
paralyzed. 

We feel that costotransversectomy for simple decompression and without preceding 
fusion to prevent further collapse is inadvisable. It would be of only temporary benefit 
and adds the danger of wound breakdown and mixed infection, always present in surgical 
incision of a tuberculous lesion. 

Reinforcing the impression that a solid spine fusion is essential to permanent recovery 
from paraplegia in tuberculous spine disease are five other patients in this series. They 
had spine fusions done, recovered from the paraplegia, and were discharged. All returned 
with paraplegia and a pseudarthrosis was found in all eases. After repair of the pseudar- 
throsis, recovery from paraplegia again resulted. In one of these patients paraplegia again 
developed and he was readmitted. A pseudarthrosis was found for the second time and was 
repaired, This time his fusion was explored before discharge and was found to be solid 
Permanency of relief of paraplegia has resulted to date 

Two other patients in the series had recovered from paraplegia after enforced bed 
rest, only to have recurrence of the paraplegia when they became ambulatory again. 
Thereafter spine fusion was done and permanent relief of paraplegia resulted 


Fourteen patients were admitted to Sea View Hospital with laminectomy defects of 
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PARAPLEGIA RESULTING FROM TUBERCULOSIS 


TABLE III 


RECOVERIES 


No. of Per cent. 
Patients of Group 


Patients with paraplegia 22 

Hopeless cases in which no operation was performed 7 

Number of patients considered in study 75 

Patients surviving 70.66 
Patients with compl te recovery 33 1400 
Patients with partial recovery 13 17.338 


Total of complete or partial recoveries 


two tosix segments. Of these, all are dead except four who have had circumduction fusions. 
In three of these treatment has been completed; these patients have been discharged and 
have resumed essentially normal activity. All have recovered from the paraplegia; this 
includes recovery of control of the bladder, bowel, and lower extremities. One has had 
completion of cireumduction fusion and is ambulatory, but remains hospitalized. 

Ina study of the records of laminectomy procedures at other institutions from which 
these patients came, it is noteworthy that a number of patients improved considerably 
immediately after laminectomy, only to have the paraplegia recur within three months; 
they eventually died. From one institution on several occasions we have received patients 
with reports stating that hemilaminectomy had been done and that the surgeon considered 
it ‘very fortunate that only tuberculous disease was found”. Therefore, a second pro- 
cedure converting the hemilaminectomy into a total laminectomy had been performed to 
provide a more favorable outlook! 

ven in the patients whom we have managed to save by cireumduction fusion, tre- 
mendous surgical effort and hazard were necessary because of the laminectomy and the 
lack of posterior spinal elements for direct fusion fixation, 

The concept of cirecumduction fusion was first developed in 1938 ' * (Sea View Hospital 
Chart No. 17082, 1938) for cases inoperable because of tuberculous disease of the posterior 
elements with mixed infection. It has been used to by-pass the area of defect in these 
disastrous cases in which laminectomy had been performed. 

Since with adequate spine fusion recovery from paraplegia remains permanent, and 
with laminectomy fatalities are inevitable, there would seem to be no choice between the 
two procedures for treatment of this condition, 

Bed rest, high-calorie and high-protein diet, as well as streptomycin therapy, and all 
other forms of supportive treatment were used on these patients as soon as they became 
available. No plaster jackets or brace supports were used, either for the spine-fusion 
procedures or the cirecumduction fusions. No retention of the patients on Bradford frames, 
Stryker frames, or other supports was used. Firm mattress support with a fracture board 
beneath the mattress was routine 

As soon as streptomycin became available, it was used on these patients. It did not 
obviate the necessity of surgery or directly affect the paraplegia. This follow-up study was 
made before the advent of the isoniazids and iproniazids. In the past year we have checked 
the paraplegics under treatment with these chemicals and we have found that these drugs 


have had no direct effect on the paraplegia. Surgical fixation of the spine is still essential. 


Deaths 


Sixty-nine of 122 patients with paraplegia die 


dat Sea View, a mortality of 56.55 per 
cent, 


Forty-seven patients were estimated to have hopeless involvement on reception at 
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the Hospital and all of these died without surgery. Of the seventy-five whom we attempted 
to save, twenty-two died, a mortality rate of 29.3 per cent. 

The causes of death in the twenty-two patients we attempted to save were as follows: 
six died of continued paraplegia associated with laminectomy, three of them with massive 
decubiti and three with breakdown of the incisional wounds of the laminectomy; six 
patients died with meningitis; five died of advancing pulmonary disease. ‘Two succumbed 
with multiple osseous lesions and overwhelming tuberculous infection; two patients with 


posterior-element tuberculosis died of postoperative infection; one died with amyloidosis. 


Recoveries 

Of the 122 patients with paraplegia, forty-seven were in a hopeless condition and 
were never operated upon, Of the seventy-five we attempted to save, fifty-three survived, 
70.66 per cent. Thirty-three with solid spine fusions recovered completely, 44 per cent. ; 
three of these had cireumduetion fusions. Thirteen patients (17.33 per cent.) with solid 
spine fusions recovered with an estimated average of 62.75 per cent. normal funetion 
(Table I11). Seven were unimproved as to paraplegia, but were discharged from Sea View, 
four in good condition with solid fusions and three against medical advice before solidity 
of fusion could be determined 

Of the seventy-five patients in desperate condition whom we attempted to save by 


surgery, forty-six (61.33 per cent.) recovered completely or to considerable extent. 


CONCLUSIONS 


1. Laminectomy has no place in the treatment of paraplegia associated with tubercu- 
lous disease of the spine, Spine fusion is essential. 

2. In the patients at Sea View Hospital paraplegia was of serious import. In such 
cases there was a mortality rate of 56.55 per cent 

3. Of 122 patients with this condition, fifty-three survived. No patient survived who 
dd not have a solid spine fusion, Of the survivors 62.26 per cent. recovered completely, 
24.53 per cent. recovered to a considerable extent, and 13.21 per cent. showed no improve- 
ment in their paraplegia 

1. Cireumduction fusion and the advent of streptomycin have remarkably improved 


the outlook 
REFERENCES 


1. Bosworrn, D. M.: Techniques of Spinal Fusion: Pseudarthrosis and Method of Repair. /n Instructional 
Course Leetures, The American Academy of Orthopaedic Surgeons, 1948, Vol. V, pp. 205-313. Ann Arbor 
J. W. bdwards, 1048 

Boswortru, D. M.: Orthopedic Problems in Tuberculosis. Surg. Clin. North America, 31: 417-431, 1951. 
Bosworru, D. M., and Levine, Jack: Tuberculosis of the Spine. An Analysis of Cases Treated Surgically 


J. Bone and Joint Surg., 31-A: 267-274, Apr. 1949 


SURGERY 


JOURNAL OF BONE AND JOINT 


| 
; 
i 
q 
ja 


A STUDY OF THE ACTION AT VARYING LENGTHS OF TWO MUSCLES 
OF OPPOSING FUNCTION, TIBIALIS ANTERIOR AND GASTROCNEMIUS, 
IN THE RAT 

A Report 


BY ALBERT BARNETT FERGUSON, JR., M.D., BOSTON, MASSACHUSETTS 


From the Department of Orthopaedic Surgery, Harvard Medical School, 
and the Orthopaedu Service and Laboratory for Surgical Research, 
Peter Bent Br igham Hospital, Boston 


[t is usual to think of all muscles as acting the same and having similar physiological 
properties. It is possible that structure may result in differences in muscle function. In 
this paper the tibialis anterior and gastrocnemius of the rat are compared. When these 
muscles were tested by mezns of successive isometric contractions at steadily increasing 
lengths, it became apparent that there may be a fundamental difference in muscle action 
at similar points on a length-tension curve 

Resting tension is the tension existing in the muscle at the time of stimulation; de- 
veloped tension is the tension produced as the result of the stimulus. [It is evident that an 
increase in the length of a muscle will result in an increase in its resting tension. The point 
at which the muscle first shows tension independent of stimulation is defined as initial 
resting length. 

The point at which the maximum developed tension appeared was found with a low 
resting tension in the case of tibialis anterior. The gastrocnemius apparently needs con- 
siderable increase in length, and therefore in resting tension, in order to achieve maximum 
developed tension. 


HISTORICAL REVIEW 


Some doubt of Galen’s original view that muscle contractions are the result of the 
flowing of animal spirits into the muscle was expressed by Francis Glisson (1597 to 1677). 
He contended that if this were true the muscle should increase in volume with activity. 
He had a muscular person place his arm in a glass tube filled with water and noted that on 
contraction the volume, if anything, tended to diminish. Steno, or Stenson, in the same 
era, in Denmark, thought that there could be primarily “tension muscles’’,— that is, those 
with pennate fibers, in which the maximum tension would be developed only on very little 
shortening. Developed tension according to Steno was the result of individual forces of 
the fibers comprising the muscle. 

In 1715 Leeuwenhoek recognized the transverse striations of skeletal muscle and the 
existence of a fiber sheath. Robert Whytt in England wrote, ‘The motions occasioned by 
stretching the fibres of any muscle will be greater or less as the muscle is more or less 
stretched. . . .”’ The proof by Galvani of a potential difference in living tissues and the 
work of Volta with dissimilar metals laid the groundwork for the testing of many of these 
fundamental concepts. 

Gotch suggested that muscle activity Was graded through a variation in the number 
of contractile units in activity at any one time, rather than the size of the nerve impulse. 
Keith Lucas found that, once all fibers were in activity, further increase of a gradually 
intensified stimulus did not augment the response. Skeletal muscle fibers are isolated from 
each other and do not contract en masse. Ifa fiber contracts at all, it contracts maximally; 
but the total response of the muscle in producing a maximum contraction will vary with 
the mechanical and electrical state of the muscle, its past activity, and its length. 

That part of the study of muscle physiology dealing with function was given impetus 
by Blix who noted the importance of initial length on the magnitude of the contraction. 
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Carr I 


Baldwin-Sanborn strain-gauge recording of data from the tibialis anterior (at the top)"and gastroe- 
nemius (at the bottom) of the rat. Hach large division represents 200 grams and each small division, 
10 grams. Between each contraction, the machine was stopped and the muscle was increased 0.1 centi- 
meter in length: the resultant increase in tension is shown. The reduction in resting tension prior to 
stimulus and contraction was due to the viscosity of the muscle. The recording begins at the pont where 
resting tension first became evident in the muscle. The top of the contractions in the tracing from the 
gastrocnemius has been marked for clarity in re produ tion 


He produced length-tension curves with the gastrocnemius of the frog. In 1914, Evans 
and Hill observed that developed tension rises to a maximum as the resting length is in- 
creased and then decreases as the length is raised still further 

Fulton gave the following figures for initial tension and developed tension as related 
to the gastrocnemius of a frog. It was noted that the duration of the twitch increased with 
increases in length 


Initial Tension Developed Tension 
210 
235 
25 
70 110 
120) 
130 130 


METHOD 


Albino rats, male and female, weighing 200 to 300 grams, were anaesthetized with 
ether. An incision for the tibialis anterior and one for the gastrocnemius tendon were made 
A third incision through the posterior portion of the thigh exposed the sciatic nerve, which 
was run through an electrode consisting of two platinum wire rings. A Grass stimulator 
was used, putting out a square-wave stimulus of one-millisecond duration. The supraé 
maximal stimulus was determined on each muscle and ranged trom 0.5 to 8 volts at one 
millisecond. 

The rat was placed on a heavy steel device which held it by means of a pelvie pin 


and a foot tie. A strain gauge was mounted on a moving section which could accurately 


Chart Il (See page 743): The relation of developed tension to resting tension in the gastrocnemius and 
tibialis anterior of the rat is compared. The curves are taken from a representative run for each muscle. Fach 
gradation represents 100 grams The early rise in the developed-tension curve for the tibialis anterior in 
relation to the resting tenston Is In contrast to the gastrocnemius 
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TWO MUSCLES OF OPPOSING FUNCTION 


RELATION OF DEVELOPED TENSION TO 
RESTING TENSION IN GASTROCNEMIUS 
AND ANTERIOR TIBIAL OF RATS. 


Gastrocnemius 
Resting Tension 


Anterior Tibial 
Resting Tension 


Gastrocnemius 
Developed Tensiony 


\ 
Ow 


~o. Anterior Tibial 
Developed 
~o. _,fension 


A314 15.16 17 18 19.20 


Centimeters 


Cuarr Il (See page 742) 
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change the length of the muscle attached to the strain gauge by means of a screw. The 
tendon was placed in a heavy clamp attached to a wire loop so that the muscle pull was 


always in the same relation to the gauge. 

The point just at the development of resting tension in the muscle was determined and 
was called resting length. 
This was the point of initial 


stimulation and thereafter 


the muscle was stimulated 


at increases of 0.1 centi- 


meter in length. Thus, on 
the same recording, one 


could obtain the exact rest- 


ing tension and developed 


tension with stimulation. 


RESULTS 


For the purposes of 


this study, the experiment 


was done on a total of 


twenty-five muscles i: ten 
rats. The tibialis anterior 
was run fifteen times; the 


gastrocnemius, ten. There 


Direct-contact print of a slide of a gastrocnemius (left) and a 
tibialis anterior (right). ‘The museles were cut on a coronal plane was considerable variation 
The interlacing, more compli ited structure of the gastrocnemius Is 
shown as compared to the simpler structure of the tibialis anterior 


in the tension generated 


when one muscle was com- 


pared with another. The shape of the resting-tension curve Was the same in general form. 


However, an important difference was noted in the location and development of the devel- 


oped-tension curve when the tibialis anterior and gastrocnemius muscles were compared. 


The developed tension of the tibialis anterior muscle in the rat always rose to a maxti- 


mum on the left-hand side of the resting-tension curve. The gastrocnemius muscle, on the 


other hand, developed increasing heights of tension very slowly, so that the maximum 


was reached well to the right of its resting-tension curve. The ascent of the developed- 


tension curve Was more gradual. It was evident that very little tension was required for 


the tibialis anterior to perform maximally but that considerable tension was needed for the 


gastrocnemius. In terms of length, the tibialis anterior performed at maximum tension 


just beyond its initial resting length, while the gastrocnemius worked at maximum de- 


veloped tension when its length and, correspondingly, its resting tension had been con- 


siderably increased. The average increase in length required by the tibialis anterior was 


76 centimeter, while the average for the gastrocnemius was 1.22 centimeters (approxi- 
mately 35 to 45 per cent. of the total length for each). It was also noted that the resting- 


tension curve of the tibialis anterior tended to develop slightly more slowly with increasing 


length than that of the gastrocnemius which tended to increase relatively rapidly, although: 


they maintained the same general shape. 


DISCUSSION 


Certain differences have been noted in the past in the physiological action of muscles 
of different structures. In a diagonally fibered muscle, a given increase in length causes 


an unequal alteration in the length of the constituent fibers. In the muscles of many ani- 


mals, red and white fibers may co-exist. The action-current of red-fibered muscle may be 


four times as long as the duration in white fibers. The diphasic recording of muscle-action 


currents may vary between parallel and diagonally fibered muscle. 
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The gastrocnemius is a complex muscle working through two joints with great power 
required of it, particularly so when under tension. The tibialis anterior has a simpler fune- 


™ e complex fiber arrangement of the gastroc- 


tion with its primary use at shorter lengths. ’ 
nemius of a rat can be readily compared with the simple fiber arrangement in the tibialis 
anterior by cutting each muscle in a plane in ity long axis. 

The anatomical configuration and nature of the muscle function were brought out by 
the differences in the length-tension diagram of the two muscles. This observation may be 
of some importance in our understanding of fundamental muscle action and would enter 


into our conception of muscle transplantations. The action of the hamstring muscles, when 


they are transferred forward to the patella, which exert maximum power in extending the 
knee when the hip is flexed, may well be explained on this basis. However, there is no 
evidence at the present time that this observation applies to human muscle. 


CONCLUSIONS 


The length-tension diagram for the tibialis anterior and gastrocnemius muscles of the 
rat reveals differences in the range of maximum developed tension in relation to the resting 
tension of the muscle at the time of stimulation. It is felt that the standard configuration 
noted by Blix in the gastrocnemius of the frog cannot be applied to all length-tension 
diagrams and that the point of maximum developed tension of a muscle will vary with 
structure and function. 
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IMPROVED TYPE OF HIP-DISARTICULATION PROSTHESIS * 
BY CHARLES G. HUTTER, M.bD., Veterans Administration 


From the Veterans Administration Regional Ofi.ce, Los Angeles, California 


\n improved type of prosthesis for the amputee with a disarticulation at the hip joint 
has been fitted to eight patients. The increased comfort and satisfaction of the amputee 
with this type o! -rtificial limb has been such that we are no longer fitting hip-joint ampu- 
tees with the ble type of prosthesis. 


For wan ore adequate terminology, the limb has been termed a “saucer” type of 
above-the-knec sthesis. [t is so called because the weight ts borne on the top of the limb 
ina concavity which resembles a saucer in shape and size. The ischial tuberosity fits into 
this concavity of the limb and supports the body weight in exactly the same manner as 
when the patient is seated without the prosthesis. The limb is secured to the patient by 
means of a pelvic belt, which eliminates the pelvic bucket, the shoulder straps, and the 
bulkiness of the tilting-table limb (Fig. 1). 

Although the prosthesis appears to be very much like the conventional limb for the 
above-the-knee amputee, certain special adaptations are necessary for the successful fune- 
tioning of this limb. In the fabrication of these limbs, we have found that, when a friction 
type of knee joint is employed, it is necessary to introduce a spring lock on the pelvic joint. 
In some cases, however, we have been able to replace the pelvic lock with a free joint which 

* Reviewed in the Veterans Administration and published with the approval of the Chief Medical Diree 


tor. The statements and conclusions published by the author are the result of his own study and do not 
necessarily refleet the opinion and policy of the Veterans Administration. 
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HIP-DISARTICULATION PROSTHESIS 


has a stop to prevent hyperextension of the hip joint. This has been made possible by em- 
ploying a knee joint which locks automatically in extension when the heel is in contact with 
the floor. 

The knee joint locks automatically when the weight is borne on the heel. ‘vhere is a 
cord between the heel and the kriee which activates the locking device (Fig. 2). As the body 
weight is carried onto the toe of the prosthesis, the knee lock is released and flexion of the 
knee ensues. This stability of the knee joint of the prosthesis is very important to the 
amputee lacking hip-joint control 

In order to control the saucer type of limb with a free pelvic hinge or hip joint, it is 
necessary that the pelvic 
band fit quite securely 
around the pelvis. The pel- 
vie band is made of steel; it 
is so constructed that about 
one third of the pelvis is en- 
circled by the steel, the two 
prongs extending anteriorly 
and posteriorly The re- 
mainder of the pelvie band 
is made of heavy saddle 
leather, padded with felt on 
the body side. When this 
belt has been firmly secured 
about the pelvis below the 
iliac crests, a snug, secure 
fixation of the limb to the 
pelvis Is possible 

In one case, the patient 
had had complete resection 
of the gluteal muscles and 
the tensor fasciae femoris 
from the ilium. THe had suf- 
fered from osteomyelitis of 
the pelvic bone, and the 
skin which covered the bone 
was searred and thin, and 
its circulation was poor. In 
this case, it was necessary to 
provide a wide pelvie band, 
heavily padded with sponge 
rubber, in order to prevent 
breakdown of the skin. 

The saucer-shaped Fig. 2 
of The diagram shows the self-locking knee mechanism: A, actuating 


: connection with the foot; 4, spring; C, lever arm; and JD, eam Jock on 
the thigh portion ol the the knee bolt (Courtesy of L. L. Mortensen). 


socket is hollowed) out 


limb. The socket and thigh 
portion are usually made of willow wood. The socket is then padded with firm sponge 
rubber and covered with leather which has been treated with nylon to prevent the ab- 


sorption of perspiration. We have tried making the socket out of padding which rests 


upon a rawhide lacing across the lumen of the hollow thigh portion of the limb, but this 
has not been satisfactory and has been discontinued 
One of the amputees was unable to drive his automobile because the limited abdue- 
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In the photographs, the conventional tilting-table prosthesis is compared with the saucer type of 
prosthesis with the patient sitting. Note the ease of abduction with the saucer type of prosthesis 


tion of the tilting-table type of prosthesis prevented him from placing the limb beneath 
the steering wheel of his car. The steering wheel is designed so that it fits between the 
abducted limbs of the driver; in this patient's case, sufficient abduction was impossible 
With the saucer type of prosthesis, however, he has been able to drive his car, and he 
states that he is again able to sit with comfort 

When seated, the amputee with the saucer type of prosthesis is completely free of the 
ischial seat. He sits in the same manner as he would without any prosthesis whatsoever 
& position most comfortable for any amputee (Fig. 3) 

For a stump sock, we have found that the knitted-to-measure trunks of wool which 
cover the stump are most satisfactory. These are suitable for cold-weather wear, while an 
undershort made of knitted cotton, in which one leg is closed or sewed together, is satisfac- 
tory for summer wear. Several of the men have found it more satisfactory to wear a long 
T-shirt, one half of the lower end of which is closed on one side. This closed portion fits be- 
neath the pelvis on the side of the amputation, and thus provides a suitable interposing 
cotton surface between the stump and the top of the prosthesis. Lately, most of the ampu- 
tees have utilized the T-shirt method of protection of the stump because of the ease of 
laundering the T-shirt 

Of the eight patients fitted with the saucer type of prosthesis, six had previously 
worn the tilting-table prosthesis. In each ease, the patient has been satisfied with the new 


type of prosthesis, and has declared upon repeated occasions that the increased comfort 
and the ease with which he is able to walk with this prosthesis make it highly desirable 
and much more suitable than the conventional tilting-table prosthesis. We feel that a hip- 


disarticulation amputation is no longer an indication for a tilting-table prosthesis 
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SCREW STABILIZATION IN FRACTURES OF THE TIBIAL SHAFT 


BY EDGAR H. WLITE, M.D., THOMAS «4. RADLEY, M.D., 
AND NEAL N. EARLEY, M.D., CINCINNATI, OHLO 


In recent years numerous articles have been written concerning the compression 
factor in the healing of fractures, particularly of shaft fractures in the long bones. Com- 
pression to an extreme degree results in bone atrophy with inadequate osteogenesis, but 
recently the value of moderate compression has been emphasized as a desirable and im- 
portant factor in promoting fracture repair. Employment of metallic plates of the Lane 
and Sherman type in the internal fixation of unstable fractures of long bones has frequently 
resulted in the distraction of fragments, with subsequent delayed union or established 
non-union. The local hyperaemia present at the fracture level produces absorption of 
calcium salts and matrix; therefore, the necessity for the bone fragments to approximate 
‘ach other with obliteration of the gap is primary and fundamental in the development 
of prompt union. The decrease in complications which has been noted following the em- 
ployment of slotted plates, which permit compression and which do not maintain the 
fragments speared in distraction, is based upon this physiological principle. 

The employment of a long metallic plate with a minimum of four screws entails the 
insertion of considerable foreign material. This technique is particularly hazardous 
when the primary fixation of unstable compound fractures is carried out at the time of 
débridement of the soft-tissue defect. It has long been axiomatic that the simpler the 
method, provided it is adequate, the more satisfactory the end result in most instances. 
It is agreed that the insertion of metal in compound fractures should be held to a minimum 
at the time of the original débridement and closure. Any method requiring the insertion 
of appreciably less foreign material is obviously advantageous and desirable. Metallic 
screws alone as the stabilizing factor have proved to be highly satisfactory in our hands. 
We have been impressed with the satisfactory results of immediate internal fixation in 
suitable compound fractures when treatment of the fracture is begun simultaneously with 
that of the soft-tissue injury. The practice of delaying the definitive reduction of the 
fracture fragments until after the original compound injury has been converted to a 
closed fracture by suitable soft-tissue surgery with subsequent healing of the soft tissues 
has been avoided as often as feasible. Experience has proved, particularly in fractures of 
the shaft of the tibia, that adequate stabilization is often obtained by a single screw or at 
the most two to three screws. The advantages of using appreciably less foreign material 
than the orthodox plate together with multiple serews have been apparent. In our hands 
the stabilization of shaft fractures by screw fixation has been a simple and satisfactory 


procedure. Slotted plates of the Eggers type have been employed occasionally in extremely 


comminuted fractures in which complete bridging of the comminuted area was necessary 
for adequate fixation. Segmental fractures, in which the middle fragment was fixed at only 
one end by a screw, were often satisfactorily reduced and the reduction was maintained 
without insertion of additional metal at the second fracture level. 

The introduction of intramedullary-pin fixation for fractures of the shaft of the 
femur, the hanging cast for fractures of the shaft of the humerus, and intramedullary 
wires for fractures of the radius and ulna have relegated screw fixation as a method of 
treatment almost entirely to shaft fractures of the tibia. There is only rarely an indication 
for employment of slotted plates in fractures of the forearm or humerus; stabilization of 
shaft fractures of metacarpals or metatarsals by plates or screws is seldom indicated, 
While we believe that the method deseribed is an extremely simple procedure, which has 
been routinely employed by a resident staff in training, there are several salient principles 
which must be observed. 
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Fic. 1-A Fig. 1-B 


Fig. 1-A: Closed segmental fractures received in an automobile accident 
Vig. 1-8: Stabilization at both fracture levels was obtained by a single serew. Four months after 
injury there was anatomical alignment and healing was well established 


This report comprises sixty-six cases of unstable fractures of the shaft of the tibia and 
fibula in which adequate reduction could not be maintained by the usual closed manipula- 
tion and immobilization in a east. The cases were unselected and represented serial ad- 


missions in a large general hospital 


RESULTS 
Krcellent Results 
Number of patients M4 
Average age 38.6 Vvears 
Closed fractures 36 
Compound fractures 8 
Length of time in plaster 20 weeks 
Length of time between injurv and surgery 8.4 days 
\ result was judged to be excellent when healing occurred after primary redt tion 
With anatomical position of the fragments and when sufficient callus was established so 
that all external immobilization could be discarded within four to six months from the 
time of surgery. An end result was classified as good when there was prompt union of the 
fracture but with a few degrees of angulation, not exceeding 10 degrees in either the antero- 
posterior or the lateral plane. A result was considered poor when infection was established, 
when union occurred with over 10 degrees of angulation, or when non-union persisted. 
The delay of 8.4 days between injury and surgery was occasioned by complicated 
injuries such as cerebral contusion or skull fractures, as well as thoracic and abdominal 
injuries which prevented immediate definitive surgery 
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Good Results 
Number of patients 7 
Average age 30.2 years 
Closed fractures 6 
Compound fractures l 
Length of time in plaster 25.5 weeks 
Length of time between injury and surgery 3.1 days 

An analysis of the good results may not be so instructive as a careful survey of the 
cases in Which results were unsatisfactory. With few exceptions, surgery was carried out 
by the resident staff in the process of training, and analysis reveals that more than half of 
the poor results were due not to the method employed but to errors in technique and 
judgment. 

It was soon recognized that the employment of three or more screws across a single 
fracture line, even when marked comminution was present, was a definite distracting ele- 
ment which would not permit compression and apposition of the fragments with closure 
of the absorption gap. Therefore, in 
the majority of cases in this series 


only one or two screws were em- 


ploved. The decision as to when to 


Fig. 2: Fixation of an unstable fraec- 
ture by multiple screws resulted in dis- 
traction of the fragments and non-union 
The Iracture probably could have been 
stabilized by a single screw appropriately 
placed 

Fig. 3-A: Roentgenograms showing a 
markedly comminuted, closed fracture 
Such fractures are usually difficult) to 
treat by means of a slotted plate, because 
f the curve of the tibia and because 
fixation must be through cancellous 
bone, which prevents adequate fixation 
by plate immediately proximal to ankle 
joint 

Fig. 3-B: Roentgenograms made after 
reduction, showing anatomical position 
and early union of the fragments with 
stabilization by minimal amount. of 
metal 


Fic. 3-A 
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carry out delayed open reduction with internal fixation of a severe or grossly contaminated 
compound fracture after soft-tissue healing is still a most difficult one to make, even with 
the advantage of efficient antibiotics. Two thirds of our poor results were due to too early 
operative intervention with insertion of metallic fixation, even though this was done after 
the cessation of all drainage and after healing of the soft tissues The use of numerous 
screws, the failure to engage the opposite cortex adequately, the rough application of the 
cast after surgery, and the wedging of the cast to correct minor degrees of angulation be- 
fore some evidence of unealeified callus was present were factors responsible for some of 
our cases of non-union. In a total of fifty-nine cases in which competent surgery and post- 
operative care had been employed, excluding all cases of compound fractures in which 
secondary surgery had been performed too soon, there were only four instances of estab- 
lished non-union 


Poor Results 


Number of patients 11 
Average age 42.5 
Closed fractures 7 
Compound fractures 
Length of time between injury and surgery 14.5 days 
Sliding bone graits with union 6 
Multiple bone-grafting procedures with union I 
Patients still have wide osseous defect with non-union, undergoing plastic surgery 2 
Union with osteomyelitis; sequestrectomy carried out, with cessation of drainage l 


Union despite inadequate fixation 

Until more satisfactory methods of intramedullary nailing of unstable fractures of the 
tibia are developed which will overcome the present inevitable posterior bowing, this 
simple and efficient method has been found to be the most effective. The small amount of 
metal employed makes it particularly suitable for selected compound fractures in which 
the fracture treatment can be instituted at the time of the original débridement. 

While this method is not applicable in extremely comminuted fractures of the shaft 
of the tibia, eases in which slotted or compression plates are required are exceptional and 
we believe that the slotted-plate method of treatment should be limited to relatively few 
instances. In no instance has it been necessary to remove the screws because of pain. In 
four cases screws had to be removed for persistent or recurrent drainage 


Errors in Surqical Judament: Three Case 


Compound fractures 3 
Débridement and closure of compound wound on same day with per promam 
healing ol solt tissues 3 
Average length of time between original débridement and operative fixation 
ol fracture tragments days 
l 


Union 
osteomyelitis 


Chron 


METHOD 


Employment of the pneumatic tourniquet is a valuable adjunct, but it is no guarantee 
against failure. While some operators have an arbitrary rule not to employ a tourniquet in 
patients over fifty, we feel that the simplicity of this procedure, which rarely entails more 
than sixty to seventy-five minutes of tourniquet time, permits greater leeway; the tourni- 
quet has been used on the majority of our patients. After the leg has been shaved, the 
extremity is emptied of all blood, as far as possible, by the application of a three-inch 
rubber Martin bandage; the tourniquet is then inflated to 300 millimeters of mercury. 
The operative site is serubbed for five minutes with cetyl pyridinium chloride while the 
operator is scrubbing. This technique entails an additional few minutes of tourniquet 
time, but it is justified by the presence of a more completely avascular field and greater 
sterility than results from the method in which the leg is serubbed first and wrapped in 
sterile towels, and the rubber bandage is applied over the towels. 


AND JOINT SURGERY 


rHE JOURNAL OF BONF 


SCREW STABILIZATION 753 


The operative approach, the elevation of suitable flaps without layering, and the 
reduction of the fracture are routine. Drill holes are then fashioned by means of the electric 
bone drill, which is placed at right angles to the cortex of the fragments. The selection of 
the electric rather than the hand drill is an extremely important point, inasmuch as 


quite often the drill must penetrate heavy cortical bone and the breaking of drills may be 


an annoying occurrence. The employment of the electric drill permits selection of the 
correct site, regardless of the thickness of the cortical bone, and materially reduces opera- 
tive time. The insertion of a single screw across 
the fracture site results in surprising stability 
in many cases. If considerable mobility at the 
fracture level is still present, a second or third 
screw is inserted, but this has been found to be 
necessary only in extremely comminuted or in 
segmental fractures. The recent paper by Ar- 
zimanoglou and Skiadaressis' would indicate 
that the greatest stability is obtained when in- 


Fig. 4: Unstable oblique fractures of the tibia and 
fibula with fixation by a single screw. This type of 
stabilization represents the method of fixation used 
in the majority of cases in this series. The alignment 
is anatomical, with a minimum of metallic fixation. 


Fig. 5: Hlustrating stabilization of oblique fractures 
in an unsatisfactory position. The anteroposterior 
view would indicate engagement of both fragments 
by serew fixation, but close inspection of the lateral 
projection reveals that the distal fragment has not 
been engaged by either screw 


Fig. 6: Wedging revealed satisfactory correction of 
malposition in the anteroposterior and lateral views, 
but obviously there was no engagement of the distal 
fragment. Further slipping and overriding occurred 
and eventually stabilization by a sliding bone graft 
became necessary. This case represents an error in 
technique rather than in the method employed. 


Fig. 5 Fic. 6 
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sertion of the serews is at right angles to the cortex, regardless of the obliquity of the 
fracture. The stabilization of the major fracture fragments is not so complete as that ob- 
tained after insertion of a plate with multiple screws, but it is not necessary that stabiliza- 
tion be so complete that the entire leg can be carelessly picked up. We are satisfied if the 
distal tibial fragment can be carefully raised, and the entire leg will then follow in one unit 
with no appreciable change in the retative position of the fragments. 

The selection of the electric drill is paramount only to the careful application of the 
cast. After closure of the surgical incision, a toe-to-groin padded cast is applied, with 
several important precautions. The patient's hips are moved toward the side of the in- 
volved leg and the lower extremity is then carefully brought over the side of the table, so 
that the knee is allowed to flex to a right angle. A toe-to-knee cast is applied, with the leg 
ina completely dependent position, After the plaster has dried so that the tamponade ele- 
ment is adequate, the leg is elevated, the tourniquet is released, and the remainder of the 
cast is apphed. If the cast has been carelessly applied by an inexperienced operator, so 
that loss of the anatomical reduction results, or if the fracture has been stabilized with 
angulation, it has been our practice to wedge the cast four to six weeks after surgery. This 
has been an efficient means of correcting minimal malalignment; in no instance where 
adequate engagement of the distal cortex has been present has displacement occurred. A 
window is cut in the cast four days after surgery and the suture line is inspected. The 
removal of blood-souked dressings at this time prevents maceration: herniation of soft 


tissues through the window has not been troublesome 


COMMENT 


This study is based upon sixty-six Consecutive cases of unstable fractures of the shaft 
of the tibia with accompanying fractures of the fibula. Lack of adequate follow-up ex- 
eluded four cases from this series. Forty-four cases were judged to represent excellent 
results, seven were classified as good, and eleven as fair to poor. Thus 82.2 per cent. of all 
patients could be classified as having a satisfactory end result, 

Only four of the eleven poor results could be classified as failures directly attributable 
to the method employed. Three of the four eases were closed fractures and in no instance 
did slipping occur. Non-union occurred in all four cases and bone-grafting procedures were 
necessary to obtain union. Of the remaining seven patients classified as having unsatisfac- 
tory results, four are so classified because of inadequate primary surgery. In two instances 
the screw failed to engage the opposite cortex of the second fragment. In a large teaching 
institution, where most of the surgery is carried out by the resident staff in training, cer- 
tain errors in technique are inevitable and these failures cannot be attributed to the 
method selected 

As has long been realized, the most diffieult decision, requiring the utmost in mature 
judgment, is the determination of the time for internal fixation of a compound fracture 
after healing of the soft-tissue defect. 

Our experience corroborates that in previous reports, in which the most disabling 
failures, with the longest period of disability, occurred in those instances of compound 
fractures in which internal fixation of the unreduced fragments had been carried out too 
soon after the healing of the overlying tissues More effective antibiotics have made the 
orthopaedic surgeon bolder in instituting earlier stabilization of compound fractures after 
healing of the laceration and cessation of all drainage. The interval of six months between 
healing and operative attack upon bone generally accepted as necessary has been ma- 
terially shortened and, at the present time, four to six weeks are judged to be adequate in 
most instances 

Despite the satisfactory results obtained in the majority of compound fractures in 
which open reduction was instituted secondarily, we have had three instances of extremely 
poor end results, because internal fixation had been done too soon after the healing of the 
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skin defeet. Union was obtained in one of the three patients, but with chronic osteomyelitis 
and drainage. The remaining two patients have had multiple surgical procedures with 
long periods of hospitalization and disability. Obviously these three poor results cannot be 
attributed primarily to the methed employed, but are attributable to errors in surg:cal 
judgment. When the four cases of poor surgical technique are added to the above three 
cases, it is apparent that in only four cases out of fifty-five were unsatisfactory results 
directly due to the therapy employed. This represents 7.27 per cent. of unsatisfactory 
results, which is certainly gratifvingly small. 


ARZIMANOGLOU, ANTHONY, and SKIADERESSIS, GEORGE: Study of Internal Fixation by Screws of Oblique 


Fractures in Long Bones. J. Bone and Joint Surg., 34-A: 219-223, Jan. 1952 


OLD SUBLUXATION OF THE KNEE 
BY HARRY WINKLER, M.D., CHARLOTTE, NORTH CAROLINA 


A diligent search of the liternture on the specific treatment of old, chronic subluxation 
of the knee joint has failed to reveal a description of a lesion similar to that presented in 
this article. 

Dislocation and subluxation of the knee are relatively rare. Most textbooks describe 
an anterior, a posterior, and a lateral dislocation. Treatment usually recommended for the 
acute dislocation is manipulation and reduction under anaesthesia and immobilization in 
a cast fora reasonable length of time, followed by a suitable program of physical therapy. 
The old unreduced type offers, of course, a very poor prognosis as regards joint function 
and will usually require fusion. It is quite likely that, if the subluxation to be deseribed 


had been completely reduced and the joint had been immobilized for a sufficiently long 


period of time, no such clinical picture as that here presented would have occurred. 


Roentgenogram, June 16, 1950, showing old dislocation of right knee 
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Miss D. R., an eighteen-vear-old white woman, was referred for treatment on June 16, 1950. On Novem- 
ber 15, 1949, while standing on the side of the road waiting for a bus, she had been struck by an automobile 
She was taken immediately to a hospital in a neighboring community, where fracture of the left femur, 
fracture of the left tibia and fibula, and dislocation of the right knee were noted. Approximately two weeks 
after her admission, the fracture of the left femur was reduced and immobilized by means of external skeletal 
fixation. A fracture of the middle third of the tibia was immobilized by transverse Steinmann pins above and 
below the fracture site and the leg and thigh were incorporated in a plaster cast. The dislocation of the right 
knee was treated by immobilization and a plaster cast for approximately one month. The patient was kept 
in the hospital until March 31, 1950. The external skeletal fixation in the femur had been removed in the 
middle of March 1950; at that time union had seemed to be quite firm. Later roentgenograms, however, 


revealed a non-union of the tibial fracture 


Fic. 2 
September 21, 1951 

The patient was admitted to the Charlotte Memorial Hospital on June 28, 1950. The left leg from the 
knee to the toes was encased in a plaster cast in which were incorporated transverse Steinmann pins, one 
just below the tibial tuberele and the other just above the ankle 

In the right lower extremity, marked limitation of motion was noted in the knee, the range being from 
180 to 165 degrees. The patella appeared to be in normal position, approximately one inch above the knee 
joint. The left lower extremity revealed marked restriction of motion in the knee, the range being from LS8O 
to 150 degrees 

The fracture of the left femur was found to be healed, but there was non-union in the left tibia and an 
old dislocation of the right knee, with marked limitation of motion and partial subluxation, the tibia being 
displaced anteriorly and medially (Pig. 1) 

\ sliding bone graft was placed in the left tibia across the fracture on June 29, 1950. Nothing was done 
about the subluxation of the right knee in view of the non-union of the left tibia; moreover, the patient was 
unwilling to have any thing done to the right knee at this time 

Union of the bone graft and the host bone on the left was delaved, although the patient was ambulatory, 
first with a walking cast and later without protection. The patient continued to be averse to procedures sug- 
gested for the right knee when seen on December 8, 1950. She was not seen again until May 14, 1951, when 
roentgenograms failed to show solid union in the tibia in which bone-grafting had been done, but we felt 
that surgery for the right knee could be attempted at any time 

On September 3, 1951, the patient was readmitted to the Hospital and on September 4, 1951, operation 
on the right knee was performed. A pneumatic tourniquet was applied to the upper portion of the right thigh. 
\ utility type of incision was employed across the medial aspect of the knee joint. Upon exposure, the joint 
was found to be filled with sear tissue Both of the menisci were defined and resected, as well as the sear 
tissue. The cruciate ligaments were not seen or defined 

The cartilage over both the tibial and the femoral condyles was atrophic in appearance and there were 
changes over the distal end of the femur, where pressure from the tibia had produced a pseudo-articular facet. 
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toentgenogram made April 21, 1952, showing range of motion 


The femur appeared displaced posteriorly about three to four centimeters. It could not be brought forward 
on the tibia. Posteriorly, subperiosteal dissection of the tissues about the distal end of the femur was carried 
out, freeing that portion of the bone. Reduction was then 
accomplished. The patella was resected and the wound was 
closed. With the knee in flexion of 45 degrees, a plaster-of- 
Paris cast was applied from the proximal portion of the 
thigh to the toes. The patient was returned te her bed in 
good condition. 
On September 6, 1951, check-up roentgenograms re- 
vealed that the dislocation had recurred. On September 10, 
1951, the patient was given a general anaesthetic of pento- 
thal, the cast was removed, and Kirschner wires were 
inserted through the lower end of the femur and the upper 
end of the tibia. Traction in an anterior direction at right 
angles was applied to the Kirschner wire in the femur and 
traction distally over the foot of the bed was applied 
through the tibia: wire. The limb was carried in a Thomas 
splint with Hodgson attachment, suspended on an over- 
head frame 
Roentgenograms made on September 15, 1951, showed 
good reduction, On September 21, 1951, a snug plaster-of- 
Paris cast was applied, incorporating the Kirschner wire 
pins and spreader in the east in flexion of 45 degrees at the 
knee (Fig. 2). The patient was allowed to go home on 
September 22, 1951. 
On October 22, 1951, she returned to the office and the Fic. 3-B 


cast was removed. Roentgenograms showed satisfactory April 21, 195: 


Oe. 


reduction. The right quadriceps muscle was quite weak. 
All protection was removed and the patient was given instructions in quadriceps-strengthening exercises 
and was instructed to become ambulatory with crutches. 

She was seen again on November 12, 1951. She was gaining good function of the knee, with about 20 
degrees of motion, and was ambulatory on crutches with limited weight-bearing. The roentgenograms 
were satisfactory. 

The patient was last seen on April 21, 1952, at which time she had flexion of 100 degrees and was 
walking without crutches (Figs. 3-A and 3-B). The left leg showed solid union as well. 
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AN EXPERIMENTAL ATTEMPT TO STIMULATE LINEAR GROWTH OF 
LONG BONES IN RABBITS 


BY CHARLES H. HERNDON, M.D., AND GEORGE E. SPENCER, M.D., CLEVELAND, OHIO 


From University Hospitals of Cleveland 


Present-day techniques employed to equalize limb-length discrepancy are not entirely 
satisfactory. The hazards of limb-lengthening procedures have largely limited the possible 
approaches to methods of shortening or retarding the growth of an extremity which is 
commonly normal in length. If one could develop a technique that would permit controlled 
stimulation of growth of the short extremity, a more satisfactory result: might be 
anticipated 

It is well known that osteomyelitis, tumors, fractures, and certain surgical procedures 
adjacent to an epiphy seal plate produce local overgrowth of the involved long bone. 
This knowledge has led many orthopaedists to try to stimulate linear growth through a 
variety of surgical procedures. Multiple drilling of the metaphysis, subperiosteal stripping, 
and recently, the introduction of screws adjacent to the epiphyseal plate have been tried 
with a varving degree of success. A recent review of the literature relative to this problem 
is available?. 

In an attempt to develop a technique for the local stimulation of linear growth, the 
authors reviewed the literature dealing with the effect of various metals on bone!?**, It 
would appear from the work of Zierold and others that copper will produce a definite 
irritating effect when introduced into bone but not actual destruction. We, therefore, 
arbitrarily selected soft electrolytic copper wire (12B and S gauge)* as metaphyseal 
implants in an attempt to stimulate epiphyseal growth. 

This work was earried out in 1948 and 1949, but was not reported because of reluct- 
ance to present a purely negative report. Recent interest in the subjeet, however, has 
prompted the authors to make known the results of these experiments. 


Fic. 1-B 

Rabbit 535. Operation was on June 15, 1948. A soft electrolytic copper wire plug was driven into a drill 
hole 0.5 centimeter proximal to the distal femoral epiphysis 

Fig. 1-A: Roentgenogram made on July 13, 1948, four weeks after operation. The copper plug had grown 
away from the epiphyseal plate and was 1.1 centimeters from the epiphyseal line. 


hig 1-B Roentgenogram made \ugust 12, 1948 


* Furnished by the Anaconda Copper Company 
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STIMULATION OF LINEAR GROWTH OF LONG BONES 


Fig. 1-C 
Fig. 1-C: Roentgenogram made September 4 
Fig. 1-D: Roentgenogram made November 7, 1948. This animal was sacrificed on January 1O, 1049, 

seven months after operation. The femora were removed and measured with calipers. The femur with the 

copper insert measured TL.) centimeters and the opposite femur measured 11.1 centimeters 


to 


Rabbits three to four weeks of age were operated upon under general anaesthesia. A 
drill hole was made immediately proximal to the lower femoral epiphysis and a plug 
of soft electrolytic copper was driven in. Growth of the extremities was followed by 
roentgenograms at monthly intervals. In an attempt to place the copper plug as close to 
the epiphyseal plate as possible, the plate was damaged in certain instances and epiphyseal 
fusions were produced. In these instances, the animals were removed from the study. 
Ten of the animals which grew to maturity were satisfactory for study. 

At seven months of age, the animals were sacrificed and both femora were removed, 
The length of the femora was measured with calipers. Three of the femora containing 
copper were an average of 0.23 centimeter longer than the opposite femora, six containing 
copper plugs were an average of 0.23 centimeter shorter than the opposite femora, and the 
length of one containing copper was equal to that of the opposite femur. Roentgenograms 
made during the course of the experiment revealed that the copper plug grew away from 
the epiphyseal plate quite rapidly, averaging 0.5 centimeter during the first month. 

We must conclude from these results that copper plugs implanted adjacent to the 
lower femoral epiphysis in rabbits will not appreciably influence linear growth. [t is hoped 
that other materials will be tried and that eventually a substance may be found which 
will produce consistently controlled stimulation of linear growth. A recent preliminary 
report by Wilson in this regard is encouraging. 
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NEEDLE BIOPSY OF THE LUMBAR VERTEBRAL BODIES 
A Mopirication OF THE VALLS TECHNIQUE 
BY ROBERT D. RAY, M.D., SEATTLE, WASHINGTON 
From the University of Washington School 0 Vedicine, Division of Orthopaedic Surgery, Seattle 


The value of needle biopsy as a technique for the clinical diagnosis of bone lesions 
has been well established!?******. The purpose of this paper is to describe a simple 
modification of the Valls technique of biopsy of the lumbar vertebral bodies which allows 
the accurate placement of the needle. 

The equipment (Fig. 1) consists of a calibrated metal rod, fourteen centimeters long, 
fixed to a lucite base in which radiopaque markers are placed at half-centimeter intervals, 
a stainless-steel centimeter rule with a sliding pin which can be fixed with a set screw 
a guide channel on one end of the rule placed at an angle of 55 degrees with the rule 
(as originally described by Valls), a 14-gauge needle, a trephine of the same diameter 
fitted with an obturator, and a thin stainless-steel sheath just large enough to accom- 
modate the needle and trephine. 

With the patient in a prone position on the x-ray table and the calibrated rod in 
place on the skin over the spinous processes, lateral and postero-anterior roentgenograms 
are taken of the lumbar spine. On the lateral film, the distance from the skin to the anterior 


Fic. 1 
I quipment tor needle biopsy - 
A. Rubber adapter for attaching syringe to biopsy needles; 
B. Valls’ needle guide; 
C. No. 14 trephine with shank to fit hand drill; 
D. Centimeter rule fixed to lucite base in which markers are incorporated at half-centimeter intervals; 
KE. Obturator for removing biopsy from trephine; 
F. No. 14 hypodermic needle for infiltrating tissues with local anaesthetic; 
G. Metal sheath for needle and trephine. 
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NEEDLE BLOPSY OF THE LUMBAR VERTEBRAL 


BODIES 


Fig. 2: Diagrammatic representation of the lateral roentgenogram of the lumbar spine with the metal 
ruler in place 

Fig. 3: Diagrammatic representation of the method used for calculation of the distance from the mid-line 
to the point for insertion of the needle 


portion of the vertebral body is measured, the measuring rod being used to compensate 
for distortion (Fig. 2). From this measurement, by means of simple trigonometry, the 
distance the needle must be inserted from the mid-line in order to strike the vertebral 
body and yet to avoid the transverse process is calculated: the measured distance from 
skin to anterior surface of vertebral body divided by 1.43, the tangent of 55 degrees 
(Fig. 3). The distance from the point of insertion to the anterior portion of the body may 
also be calculated. On the postero-anterior roentgenogram, the spinous process at the level 
of the lesion is identified. The calibrated rod is then removed and the skin is prepared. 
Under sterile conditions, two skin wheals are made with local anaesthesia: one over 
the spinous process, and the second direcily lateral to the spinous process at the distance 
from the mid-line previously caleulated. The pin on the guide, which has previously been 
sterilized, is set at the caleulated distgince and is inserted through the skin and subecu- 
taneous tissues to the spinous process. Under local anaesthesia, a small incision is made in 
the skin opposite the guide channel, and the skin edges are retracted while the needle 
and sheath are inserted through the channel. Care must be taken to hold the guide in a 
horizontal position. The needle and sheath are inserted until the bone is contacted, 
following which lateral and postero-anterior roentgenograms are again made to confirm 
the fact that the needle is in the desired position for biopsy. The needle can then be with- 
drawn, leaving the sheath in place, and the biopsy can be obtained by means of the 
trephine. The method has proved simple, accurate, and rapid. General anaesthesia can 
be avoided, and the danger of penetrating the aorta or vena cava with a large caliber 
needle is eliminated, 

During the past four years, forty-eight needle biopsies of the lumbar vertebral bodies 
have been performed and positive diagnoses have been established in) twenty cases: 
tuberculosis (diagnosed either by culture or histological section), six; metastatic carei- 
noma, four; Ewing’s sarcoma, one; multiple myeloma, one; syphillis, one; non-specific 
inflammatory reaction, seven; negative biopsies (including osteoporosis in which biopsy 
was carried out to rule out neoplasm), twenty-eight. 
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\ SIMPLE AND EFFICIENT METHOD OF SECURING BIVALVED 
CASTS IN) POSITION 


BY PAUL V. HUTCHINSON, M.D., PITTSBURGH, PENNSYLVANIA 


With the cooperation of The Sarah Mellon Seaife Foundation’s Multiple Fellowship on 
Orthopaedic Appliances, Mellon Institute, Pittsburgh, Pennsylvania 


\ simple and efficient method of making bivalved casts is presented which has been of 
considerable help, both as a time saver and in the reduction of cost to the patient. When 
catches are incorporated in the cast (Figs. l-A and 1-B) during its construction, a removable 


cast is completed as soon as the plaster is dry and the stockinette is secured (Figs. 1-C and 


1-1)). This eliminates the necessity of bivaling casts and sending them to the brace maker 


Fig. l-A: Cast is three quarters completed. The chest catches are tied to the cast 
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METHOD OF SECURING BIVALVED CASTS IN POSITION 


Fie. 1-C 


Fig. 1-B: Photograph shows finished 
cast and trimming. It is now ready tor 
bivalving 

Figs. 1-C and 1-D: Photographs show 
finished cast and the chest-cateh as- 
sembly 

Fig. 2: Grid-line photograph of the 
chest cast catch 


for the application of straps and 
buckles or whatever method is used 
locally for securing a bivalved cast 
The assembly as shown in the photo- 
graphs consists of chest catches, 
riveted to anchors, the anchors 
being made of a thin-gauge alum- 
inum or other metal which will con- 


form to the contour of the cast Fic 


(Fig. 2). These casts have been used on husky coal miners for as long as four months. The 


assembly has held up satisfactorily. 
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LOWER NEPHRON SYNDROME FOLLOWING 
PROLONGED KNEE-CHEST POSITION 


BY BENJAMIN 8S. GORDON, M.D., ASD WALTER NEWMAN, M.D., BROWX, NEW YORK 


From the Veterans Administration Hospital, Kingsbridge Road, Bronr 


The clinical pieture of lower nephron syndrome has been observed and deseribed 
since World War [ '®& 2% % ® 27 99 Little interest in the condition was shown, however, 
until Bywaters and his associates studied the results of crushing injuries during the 
bombing of London in World War II * 4 

The syndrome has been associated with numerous types of injuries and intoxications, 


23 1, 6.8 burns 


the more common being crushing injuries transfusion reactions 
heat stroke various types of intoxication 7 toxaemias of pregnaney ™, 
blackwater fever and diverse other conditions '7 44, 

The lower nephron syndrome following muscle-crushing injuries has been especially 
‘frequent during war time. Varying types of muscle injuries producing the syndrome have 
also been seen in peace-time practice. It is the purpose of this paper to present a case of 
lower nephron syndrome which followed muscle injury resulting from an unusual operative 
position in which pressure Was maintained on the lower extremities for a prolonged period 
of time 

REPORT OF A CASE 

\ white male, thirty-five vears old, was admitted to the Hospital complaining of aching in the lower mid- 
back for four years, and of numbness in the anterior lateral aspect of the right thigh for two and one-half 
months 

He had been discharged from the Army in December 1943 because of back pain. He had then been 
symptom-free for two months, but thereafter had had recurring aching in the lower back, which had recently 
been associated with numbness of the lower third of the anterolateral aspect of the right thigh. There was no 
radiation of pain into either lower extremity, and he did not limp. There had been a severe exacerbation of 


the pain in the lower back three days before admission, with difficulty in walking 


Physical kramination 

The patient was aa obese white male seventy-five inches tall, weighing 240 pounds, whose physique 
was female in type, with female distribution of hair. He was severely incapacitated by pain in the lower mid- 
back. The blood pressure was LO4 systolic, 78 diastolic, the radial pulse was 76 per minute, and his tempera- 
ture was normal. Examination of the heart was negative. Neurological examination disclosed findings com- 
patible with a diagnosis of herniated nucleus pulposus at the level of the fourth and fifth lumbar vertebrae 


on the right. This was confirmed by a myelographic study 


coperative Laboratory Findinas 


Bleeding time 2 minutes 
Coagulation time 6 minutes 
Red blood cells 5 000,000 per cubic millimeter 
Hemoglobin 16.5 grams 
White blood cells 100 per cubic millimeter 
The differential count was normal 
Blood glucose 113 milligrams per LOO cubic centimeters 
Spinal fluid: 
Total protein iS milligrams per 100 cubie centimeters 
Sugar 60 milligrams per 100 cubic centimeters 


The spinal-fluid Wassermann reaction was negative and the gold curve was flat. The basal metabolic rate 
was plus 15. Urinalysis showed a specific gravity of 1.012, with negative reactions for albumin and sugar 


A Kahn test on serum was negative 


ation 
A hemilaminectomy on the right at the level of the fifth lumbar vertebra was performed under endo- 


trachenl anmeac sthesian. Because of the patient's obesity and height, he was placed in the knee-chest position, 
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so that maximum widening of the intervertebral spaces could be obtained (Fig. 1). The exploration failed to 
reveal a dise herniation; further exploration was discontinued because of the marked cyanosis and swelling 
which developed in the lower extremities as 4 result of the unusual position in which the patient had remained 


for approximately three hours. . 
Throughout the operation: the blood pressure was maintained at approximately 110 systolic, 70 dia- 


stolic. The radial pulse varied from 70 to SO 
per minute and the respirations varied from 
22 to 30 per minute. 


Hospital Course 
Within the next few days the swelling of 
the lower extremities subsided appreciably. 
The patient complained only of pain at the 
operative site. There was also persistent vom- 
iting, as well as some difficulty in urination. ans 2 Nee 
Catheterization, followed by tidal drainage, 


was instituted. For the first three days after 

Operative position used to obtain maximum widening 
of intervertebral spaces. Note the resulting compression 
put of fluids. On the fourth day, only thirty- of the calf museles 


operation, there was adequate intake and out- 


five cubic centimeters of urine was voided. 
The next day there was relative anuria and the patient complained ef pain deep in the abdomen in the right 
lower quadrant. 

Further examination disclosed signs pointing to phlebothrombosis of the lower extremities, although 
hemoglobinuric nephrosis was mentioned as a possibility. The alarming persistence of renal suppression with 
resultant azotaemia prompted an exploration of the femoral veins on the assumption that there might have 
been an extension of thrombosis up the vena eava, involving the renal veins bilaterally. No phlebothrom- 
bosis was found. During this period, the blood urea nitrogen rose to 132 milligrams per 100 cubic centimeters 
and the blood creatinine rose to 14 milligrams per 100 cubie centimeters. The urine showed an acid reaction, 
+ + albumin, numerous white blood cells, and a moderate number of red blood cells. 

Despite all therapeutic efforts, the azotaemia increased and the patient died seven days after the initial 
operation, During the entire operative and postoperative period, the patient had received a total of 1,500 
cubie centimeters of blood, 500 cubic centimeters at each operation and 500 cubie centimeters on the ward. 


POSTMORTEM EXAMINATION 
Gross Findings 

The body was that of a well developed, markedly obese white male. The lower extremities were oedema- 
tous up to the knees. 

The heart weighed 475 grams. The epicardium was smooth, with a large amount of subepicardial fat. 
The myocardium, valves, endocardium, and coronary arteries were normal. The aorta showed moderate 
atheromatous changes in the abdominal portion, The renal arteries were unaltered. 

Each kidney weighed 340 grams. The capsule of each kidney was tense and stripped easily, leaving « 
smooth, pale brown cortical surface. On section, the cut surfaces bulged slightly. They were pale, light 
brown, with ill-defined red striations, especially at. the corticomedullary junction. 

The superior and inferior venae cavae, the renal veins, and the ilise veins were free of thrombi. Both 
femoral veins were found ligated and sectioned. The distal portions of the ligated veins were occluded by 
recent thrombi. 

The lungs were oedematous. The liver was congested. 

The muscles of the calves of the legs were markedly oedematous. Pin-point hemorrhages were noted in 
the deeper portions of the right and left gastrocnemius muscles. 

A herniated nucleus pulposus was present between the fourth and fifth lumbar vertebrae at the mid- 
line. The herniation measured 3.5 by 2 centimeters. The mass was resilient and rubbery. No compression 


of the spinal cord was noted. 


Vie rosco pic Findi ngs 

The pertinent microscopic changes were noted in the kidneys and in the calf muscles. Sections of kidney 
(Fig. 2) showed slight amounts of albuminous fluid in the glomerular spaces. The glomerular tufts were un- 
altered. The proximal portions of the nephrons showed minimal changes. The brush borders of the cells of the 
proximal convoluted tubules were indistinct, and an occasional proximal tubule contained an eosinophilic 
protein cast. The distal portion of the nephron, on the other hand, revealed extensive damage. The distal 
convoluted tubules were necrotic. The surrounding interstitial tissue was infiltrated with neutrophils, a few 
histiocytes, and occasional eosinophils. Heme casts in the lumina of the distal convoluted tubules were a con- 
spicuous feature. In most instances these casts were intermixed with inflammatory cells and cellular debris 
Some of the small veins adjacent to the damaged tubules showed thrombophlebitis. 
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Fig. 2: Photomicrograph (XX S85) of section from kidney showing necrosis of the distal portions of the 


nephrons with heme and purulent casts. (Hlematoxylin and eosin stain 
Fig. 3: Photomicrograph (XX of section from calf muscle, showing degeneration of sarcolemma 
and interstitial inflammatory changes. (Hematoxylin and eosin stain 


Sections from the calf muscles (Fig. 3) showed swelling of the muscle fibers, many of which were ne- 
crotic. Some fibers demonstrated only loss of transverse striations. Others revealed a homogeneous hyaliniza- 
tion of the sarcoplasm. Many muscle fibers were completely disorganized, and only the sarcolemma remained, 
which enclosed vacuolated fragments of degenerated sare opl ism and a few musele nuclei. Where the muscle 
fibers were fragmented, there was proliferation of muscle nuclei intermixed with inflammatory cells of both 
the mononuclenr ind polymorphonuc lear varieties There were also histioeytic cells ¢ ontaming phagocytized 
debris and a light brown pigment, probably lipochrome. There was considerable interstitial oedema and frank 


extravasation of blood 
DISCUSSION 


There are three possible bases for the development of a lower nephron syndrome in 


this case: transfusion reaction, vomiting, and muscle necrosis 


Transfusion 

The patient had received a total of 1,500 cubie centimeters of blood, 500 cubic centi- 
meters at each operation and 500 cubic centimeters on the ward postoperatively. [t is 
to be noted that only one transfusion of 500 cubie centimeters of blood had been given prior 
to the onset of anuretic svmptoms However, there had been no clinical or laboratory eVi- 
dence of any reaction to this or subsequent transfusions. Although one cannot totally ex- 
clude this possibility, the likelihood of the transfusion having precipitated the lower 


nephron syndrome is quite remote 


Vomiting 

There had been persistent vomiting immediately following operation. Although 
severe vomiting has been shown to produce the renal lesions of the lower nephron syn- 
drome”, vomiting is more frequently part of the clinical manifestation of the syndrome, 
because of its intimate relationship te dehydration, malnutrition, and disturbances in 
electrolyte balance Vomiting tends to nugyvravate the oliguretic state *. In patients with 
lower nephron syndrome, the absence of vomiting is apparently related to the mildness of 


the clinieal state 


Muschi Necrosis 
Muscle necrosis appears to be the most probable precipitating factor in the develop- 
ment of a lower nephron syndrome in this case. There was ample evidence of muscle dam- 
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age. Immediately following surgery, the lower extremities had been cyanotic and oedema- 


position, particularly in an obese individual, can result in ischaemic necrosis 


Shapiro, Chiet 


of the surgical problems and procedures in this case 
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tous. In addition, there had been further compression of the lower extremities with elastic 
bandages. Finally, there was the inescapable postmortem evidence of severe damage to the 
calf muscles. 


The mechanism of development of the lower nephron syndrome as the result of muscle 


damage is not clear. It is presumed that myohemoglobin released from damaged muscle 
has alow renal threshold. Myohemoglobin has a molecular weight of 17,500, in contrast to 
hemoglobin, which has a molecular weight of 68,000. The relatively small size of the 
mvohemoglobin molecule would appear to permit its passage through the unaltered glo- 
merular membrane. Myohemoglobin is released rapidly from damaged muscle and thus 
contributes to the rapid overloading of the kidneys, 


It has never been clearly shown that myohemoglobin in itself is toxic. Some investi- 


gators have claimed that there are degradation products of myohemoglobin which are toxic, 
especially in an acid medium. It has also been suggested that it is the mechanical blocking 
of 


dissections have failed to reveal complete obstruction. In addition, contrary to what one 


the tubules by these degradation pigments which produces the renal damage. Oliver's 


would expect if the damage were due to mechanical obstruction, the proximal portions of 
the nephrons rarely show dilatation. Finally, no convineing evidence has been presented 


that degradation products which cause renal damage are released in ischaemic muscles. 


In this case, it appears most probable that the muscle damage from an unusual opera- 


tive position was the basis for the development of the lower nephron nephrosis. Davidoff 
has used this position in about sixty dise operations in patients of all sizes without inci- 
dent. He has said that: ‘Tt is possible for such complications to result from this position 
if the weight of the patient's body rests entirely on the calves. We are very careful to have 
a projection up trom the table so that the patient's buttocks rest on a sort of seat arrange- 
ment and the weight of the body does not fall on the above place.”’ 


Figure | demonstrates how compression of the calf muscles in the classical knee-chest 


Nove: The photomicrographs and drawing were made by the Medical Ilustration Service, Mr. Sidney 


The authors « Xpress their appreciation to the Neurosurgical Service for the elucidation and description 
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SCOLIOSIS WITH 


PARAPLEGIA 


BY JOHN G. KERR, M.B., CH.B., M.CH.CORTH.), MIDDLEBORO, MASSACHUSETTS 


From the Lakeville State Sanatorium, Middleboro * 


Forty-seven cases of scoliosis associated with paraplegia * have now been reported 
in the literature, indicating the extreme rarity of the condition as compared with the total 
number of cases of scoliosis seen throughout the world. 

The most recent and complete review of the condition was given by MehKenzie and 
Dewar, who emphasized the value of timely laminectomy with division of the dura. They 
believed that spine fusion was neither desirable at the time of laminectomy, nor neces- 
sary at a later date. 

In the majority of cases recently reported (thirty-seven out of forty-six in Kleinberg 
and Kaplan’s series, and thirty-two out of forty-six in McKenzie and Dewar’s) the para- 
plegia was found to occur at the period of most rapid growth, between the ages of eleven 
and nineteen years. Although scoliosis is seen most commonly in girls, it has been noted by 
various observers that the occurrence of paraplegia as a complication is seen most often 
in males 

In the case to be reported the deformity was due to von Recklinghausen’s disease. It 
is of special interest since complete recovery from paraplegia was achieved as a result of 
spine fusion alone. Previous to this, to the author’s knowledge, spine fusion as the only 
operative treatment has been reported once 4. In that case there was, however, no improve- 
ment in the degree of paralysis, although the fusion was regarded as sound. There are 
records of two cases of paraplegia developing in patients suffering from von Reckling- 
hausen’s disease. In one of these * the course and outcome are not known. In the second |, 
laminectomy and division of the dura were performed, but no improvement was observed 
in the vear following operation. 


CASE REPORT 


D).M.S., a white girl, was born in 1933 of Portuguese parents. When she was nine years old her parents 
noticed that her back was ‘‘crooked’’, and she was observed in a children’s hospital, She was untreated until 
the age of twelve, when she was seen at a general hospital where her physical examination revealed a right 
thoracic and left lumbar scoliosis in which fair passive correction was possible. No disturbance of the ex- 
tremities was nected. Attempts to control or correct the curve were unsuccessful because of lack of cooperation 
by the child’s parents. 

The child had no pain and was able to walk and play normally until August 1948 when, at the age of 
fifteen vears, she suddenly fell while playing croquet. She had difficulty in moving her lower extremities and 
immediately noticed numbness and tingling in them. The weakness and numbness of the lower limbs became 
gradually more severe and in January 1949 she was admitted to a children’s hospital. There she was found to 
have a severe high thoracic scoliosis with a spastic paraplegia, together with sensory loss below the level of the 
tenth thoracic vertebra. Voluntary movement in the lower limbs was limited to very slight flexion and internal 
rotation of the left hip. Café au lait spots were widely distributed over the body and extremities. 

A myelogram carried to the level of the ninth thoracic vertebra failed to demonstrate a definite block, 
The patient was placed in plaster shells in slight hyperextension. This was rapidly followed by improvement 
in voluntary power, in that the child could flex and abduct the hips and extend the knees. The sensory 
level, however, remained unchanged. 

The patient was transferred to Lakeville State Sanatorium in February 1949. Examination on admission 
revealed a severe thoracic kyphoscoliosis and an incomplete paraplegia with sensory loss at the level of the 
tenth thoracic vertebra. Muscle examination revealed spastic paralysis of both lower limbs, with a trace of 
voluntary power in the abductors and flexors of the hips and poor power in the quadriceps. Hypo-aesthesia 
was present distal to the level of the umbilicus and anaesthesia was present in the right calf. There was no 
interference with micturition or bowel control. There was increase in both knee and ankle jerks bilaterally. 
Ankle clonus was present bilaterally, as were bilateral Babinski reflexes. 


* Service of Paul Norton, M.D. 
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toentgenographic examination revealed a right thoracic curve, measuring 110 degrees and extending 
from the fourth thoracic vertebra to the eleventh thoracic vertebra, with the apex of the curve at the eighth 
thoracic vertebra, The posterior aspects of the vertebral bodies at the apex of the curve were cavitated (Figs 
1-A and 1-B). Conservative treatment, with traction, plaster beds, and « Bradford frame, was tried for three 
months without any appreciable alteration in the motor paralysis or in the level or severity of the sensory 
loss. Laminectomy was therefore considered advisable, to relieve the cord pressure. [t was felt that, in order 
to ensure stability and prevent further inerease in the curve, a preliminary fusion should be done. It) was 
planned to fuse the concavity of the thoracic curve, with a massive bone graft placed between the end points 
of the curve 

Operation was undertaken on June 7, 1949, when the patient was sixteen years of age, but was not 
carried out according to the preconceived plan, as the patient’s condition during the procedure necessi- 
tuted a rapid and less extensive dissection. After minimal soft-tissue dissection, decortication of the 
spinous processes, laminae, and transverse processes on the left side was carried out. shaped 
full-thickness graft was placed in the concavity of the major 
curve in as straight «a line as possible, some difficulty being en- 
countered in fitting the graft to the extreme anteroposterior 
component of the curve. No attempt was made to correct: the 
curve during the operative or postoperative period 

Hight days after operation it was found that a remarkable 
degree of neurological inyjprovement had occurred. Sensation was 
good in the previously hypo-aesthetic area and voluntary power 
had returned in all the muscle groups of both lower limbs. The 
neurological improvement continued during the postoperative 
period and within four months of operation the sensations in the 
lower limbs could be regarded as normal. Within six months 
muscle power in all groups in both lower extremities was consid- 
ered to be within normal limits. In January 1950, six months 
after operation, it was believed that the roentgenographic ap- 
pearance of the grafted area indicated a pseudarthrosis at the 
superior end. However, exploration revealed the graft to be well 
incorporated in the spine at both superior and inferior ends. The 
patient was up and active in a ‘“celastic” jacket from February 
1950. She had no paraesthesia or numbness and no muscle weak- 
ness. She was discharged on April 26, 1950. 

She was readmitted on November 13, 1951, at the age of 
eighteen, for removal of two small neurofibromata. She was 
walking well, had no weakness of the lower limbs, and sensations 
were normal. Roentgenographic examination at this date, two 
and «a half years following spine fusion, showed that the curve 
now measured OL degrees and that fusion was solid (Figs. 2-A 
and 2-B). There had therefore been a decrease of 19 degrees in 
the major curve, which had measured 110 degrees preoperatively. 


COMMENT 


Fia. 3 


It is difficult to explain the rapid and complete 
recovery of the paraplegia following spine fusion. It is 
possible that the disseetion in the concavity of the 


Photograph ol patient on November 
14, 1951, two vears after operation, 


curve, although minimal, effected sufficient loosening of taut struetures to allow slight 
correction of the curve. The 19 degrees of correction, which was apparent from com- 
parison of the preoperative and postoperative roentgenograms, Was presumably sufficient 
to remove the pressure of the dura on the convex aspect of the cord. The myelogram was 
carried to the level of the ninth thoracic vertebra, but did not reach to the apex of the 
curve at the eighth thoracic vertebra, which corresponded with the level of cord pressure. 
The presence of a block cannot therefore be disproved. 

It has been shown by MeKenzie and Dewar that, in idiopathic scoliosis with para- 
plegia, laminectomy and decompression of the cord will suffice. However, in scoliosis as- 
sociated with such conditions as osteogenesis imperfecta or neurofibromatosis affecting 
bone, it is felt that fusion is imperative if the progress of the scoliosis is to be checked and 


further cord pressure prevented, 
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In these and similar conditions, if the associated paraplegia is incomplete and of only 
short duration, it is suggested that a preliminary fusion in the concavity of the curve may 
safely be embarked upon. Should no recovery occur in the paraplegia, decompression of the 
cord may then be performed with the comforting knowledge that no increase in the degree 
of curvature is to be anticipated. 
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A NEW CLAMP FOR USE IN FRACTURE SURGERY 


BY PROF. JEAN VERBRUGGE, 


ANTWERP, BELGIUM 


From the Orthopaedic Service, University of Ghent 


There has already been published in’ this 
Journal! an article presenting a type of bone forceps 
which can be easily handled with one hand and 
which serves to coapt bone fragments and also to 
fix a plate temporarily, before it is screwed to the 
bone. We have made a slight modification in this 
instrument which is of such importance and makes 
the instrument of so much greater value that we 
believed it also should be called to the attention of 
Journal readers. 

The lower jaw of the forceps is now made 
with a sharp and more or less pointed end, so that 
it can be easily inserted under the bone and through 
the periosteum. There is no need to free the bone 
from its surrounding tissues. The upper jaw is 
wide, as in the previous design. 


The main indications for the use of such a 


forceps is in bone-grafting, either inlay or onlay 
graft, the lower jaw finding its support on the bone and the upper jaw serving to hold 
and also to press and even to crush the bone grafts before definite fixation is applied. 


1. VersruGGce, JEAN: An Improved Bone Clamp and a Plate for Internal Fixation of Fractures. J. Bone 
and Joint Surg., 28: 174-175, Jan. 1946. 
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REPORT OF THE COMMIPTER TO STUDY THE PRESERVATION OF BONE * 


During the year 1951 your Committee to Study the Preservation of Bone sent ques- 
tionnaires to the membership of the Academy. This was done in an attempt to accumulate 
significant data on a large number of cases in which bank bone had been used. Of the 
1,217 questionnaires sent out 577 were returned. Two hundred of the questionnaires were 
from orthopaedic surgeons who had had experience with the bone bank. The results of 
this study were based on an analysis of these 200 returns and especially on the 120 returns 
which listed the individual types of cases in which the bank bone had been used. Thus 
the complications encountered, together with the results, were analyzed in more than 
3,000 cases in which bank bone had been used 


TABLE. I 


SUMMARY OF QUESTIONNAIRES RETURNED 


No Per cent 
Total no. of questionnaires returned 577 
No. not using bank bone 377 O53 
No, using bank bone 200 34.7 
No. giving total number of cases 144 25.0 
No. listing individual types of cases 120 20.8 


The results of this analysis are summarized in Tables I to V1. 


TABLE II 
Tyrer or Contatner Usep, Currure or Bone, oF PRESERVATION 
Lisrep iN 200 QUESTIONNAIRES RETURNED 


No Per cent 
Type of contamer used 
Single bottle Sb 
Double botth 0 
Other 24 12.0 
Total 200 
Culture of Bone 
Culture 1435 715 
Culture not made AY 28.5 
Total 200 
Method of preservation of boone 
Frozen bone 146 73.0 
Merthiolate solution 0 
Combination It) S 0 
Zephiran chloride 30 
Total 200) 


In 630 of the total of 3,104 cases, merthiolate-preserved bone was used. Of the 
total of eighty-seven reported cases of infections, thirty were in cases in which merthio- 
late-preserved bone was emploved. Thus an incidence of infection of 4.8 per cent, was noted 
in cases in which merthiolate-preserved bone was used against an incidence of 2.3 per cent 
in the remaining 2,474 cases, in the vast majority of which frozen bone was used 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, [linois, 
January 28, 1055 
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TABLE III 


NUMBER OF CASES PER QUESTIONNAIRE 


(Total of 4,648 Cases Reported in 144 Questionnaires Returned 


No. of Cases No. of Questionnaires 
10 63 
19 17 
20 to 29 10 
30 to 12 
to 49 7 
50 to 5Y 
60 to 69 
70 to 79 5 
80 to 89 
W0 to 99 
LOO to 
200 and over 2 
Total 144 

TABLE 


Tyres or Cases as Lisrep ix 120 RETURNED 


Type of Case No 

Major non-union 4 
Minor non-union SD 
Spine fusion 14d 
Obliteration defects 37 
Known infectious defects 52 
Fresh fracture 500 
Arthrodesis $15 
Other 75 
Total 


* Included in number of obliteration defects, 


* 


Per cent 


9 
10) 


The incidence of aseptic absorption Was about the same regardless of the method of 


preservation of the bone transplant. 


The ineidence of infection was 4 per cent. in 997 eases in which the bone transplant 


had not been cultured, as compared with an incidence of 2.2 per cent. in 2,107 


which the transplant was cultured for the presence of micro-organisms. 


TABLE \ 


INFECTION AND AsEPTIC ABSORPTION AS LISTED IN 120 QUESTIONNAIRES RerurNED 


Infection 


Type of Case Total No. of Cases No 
Major non-union 14 13 
Minor non-union SO 2 
Spine fusion 1.404 40 
Obliteration defects 37 14 

Known infectious 

detects 12 * 
Fresh fracture 300 1 
Arthrodesis 315 10 
Other 75 0 

Total 3,104 87 


* Included in number of obliteration defects 
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Absor ption 
Per cent 


| 
| 
age 
11S 
69 
83 
14 
62 
2.8 
oo 
1.4 
Per cent 
A 
17.2 
12.0 
2.4 
() 
28 28 7 
99 
2.2 | 
2x 
5.1 Qh 6.7 
0 
1.3 10 
3.2 3.5 
BS 112 3.6 
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TABLE VI 


As Lisrep iN 120 QUESTIONNAIRES RETURNED 


Type of Result 


Total No Good Fair Failure Not Determined 

Pype of Case of Cases No Per cent. No Per cent. No. Per cent. No. Per cent. 
Major non-union 14 349) 70.6 26 5.3 71 14.4 1s 9.7 
Minor non-union 62 72.9 13 15.3 2 2.4 
Spine fusion 1.464 1002 68 5 is 2.9 105 7.0 S16 21.6 
Obliteration defects 371 282 76.0 IS 1S 7 12.7 24 6.5 

Known infectious 

defects 52° 65.5° 14* 26.9 * * 
Fresh fracture S00 204 S76 2 0.7 20 6.7 15 5.0 
Arthrodesis 315 258 81.9 I 0.3 39 12.4 17 5.4 
Other 75 03 84.0 0 7 9.3 5 6.7 
Total 3,104 22790 T34 OS 3.2 300 9.7 $27 13.4 


* Included in number of obliteration defects. 


It is the opinion of your Committee that in an evaluation of bone transplants there 
is really no such thing as a fair result; the transplant is either a success or a failure. In the 
evaluation of the results of spine fusions some surgeons reported as ‘fair’? those fusions 
in which there was solid union of the transplant across one interspace and pseudarthrosis 
at another; for the purposes of this analysis we feel these cases should be classified as 
failures. The same statement holds true for the group of major non-unions. It would also 
seem that many of the cases in the indeterminate classification must be failures. We feel 
that the ‘failure’ incidence of only 7 per cent. and 14.4 per cent. respectively in the cases 
of spine fusion and major non-union is low, but there is no doubt of the figures. On the 
other hand, a percentage rate of 68.5 per cent. of good results in spine fusions is in accord- 
anee with similar results reported by most authors who have critically analyzed their 
Cases, 

Many of the preserved homogenous bone grafts were used to augment autogenous 
transplants. Many others were used in cases, such as fresh fractures and arthrodeses, in 
which there would have been union regardless of whether a transplant was used or not, 

Of the total of 300 failures (Table V1), eighty-one were in cases in which merthiolate- 
preserved bone was used. The incidence of failure was 12.9 per cent. in the eases in which 
merthiolate-preserved bone was used and 8.9 per cent. in the remaining cases. 

It is lamentable that we do not have a like series of autogenous transplantations 
the results of which could be compared with those just presented. We believe that the re- 
sults in such a series would be consistently better. It has been shown experimentally and 
in individual smaller series that bank bone cannot replace autogenous bone. However, 
in certain well-selected cases we believe bank bone has its place. From our analysis compli- 
cations are likely to be less and the chance of success greater if frozen bank bone is used 
in place of merthiolate-preserved bone. Every precaution, including culture of the bone 
stored in the bank, seems desirable in an attempt to decrease the incidence of infection. 
\t present we have no suggestions which might help prevent aseptic absorption of homo- 
genous bone transplants, 

H. Franvz, M.D. 
Prep C. Reynoips, M.D. 
R. Lipscoms, M.D., Chairman 
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BLASTOMYCOSIS OF BONE 


Reporr oF A 


BY WILLIAM F. THOMPSON, M.D., PORTLAND, MAINE 


From the Orthopaedic Service, Maine General Hospital, Portland 
I 


North American blastomycosis (Gilchrist’s disease) is an uncommon fungous disease 
occurring rarely in New England, its geographic distribution being chiefly in the mid- 
western and southern portions of the United States. Treatment of systemic blastomycosis 
is usually palliative at best and, according to most studies, the over-all mortality, when 
the skeletal system is involved, is about 89 per cent. In 1944 Colonna and Gueker found 
sixty-seven previously reported cases involving bone and reported a case with death 
Alfred and Harbin in 1950 added another case involving bone which had failed to respond 
to therapy at the time of the report. 

Case reports of this disease are infrequent. The case herein reported is of especial 
interest since the patient had spent his entire life in New England, and he has had ap- 
parently complete recovery from the disease. Only one other case of systemic blastomycosis 
has been reported in the State of Maine, the native state of this patient. 

The following is a case of systemic blastomycosis involving bone and by history 
probably arising in the respiratory tract; the patient was treated with large doses of 


potassium iodide with apparently complete recovery. 


Pia. 
Roentgenogram of the right foot and ankle made at admission, February 16, 1951, showing the 
punched-out area of bone destruction in the caleaneus. 
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CASE REPOR'I 


\ white male farmer, fiftv-seven vears old, was well until 
January 1950 when pneumonia and a pleural effusion de 
veloped. He was treated with penicillin and aureomyein, and 
several thoracenteses were done During hospitalization nn 
infection of the fifth finger of the leit hand developed this was 
incised and drained Drainage continued and roentgenogriams 
of the hand showed osteomyelitis of the proximal phalanx 
When the infection did not subside, an amputation was done 
The finger was examined in another laborators and the lesion 
wus re ported as a chronic inflammation 

About one month later a draining sinus developed from 
the region of the right Achilles tendon. This was treated by 
incision and drainage. Sinuses of the “umputation site of the 
left hand and of the right foot continued to drain. He was 
treated with penicillin, aureomyecin, and chloromycetin tor 
one month, during which time he had a low-grade fever. Two 
months before admission to the Maine General Hospital a 
draining sinus developed in the distal end of the left thigh and 


one month before admission, another draining sinus in the 
Fic. 2 distal end of the right thigh in the supracondylat aren. The 


February 16, 1951. Showing lesion of patient had been bedridden for five months before admission, 


the medial condyle of the lett) femur and had lost twenty pounds in weight during the vear before 
his admission 

Physical examination on admission revealed a thin, chronically ill male. The temperature was 08.8, the 
pulse 90 ind the blood pressure LOG sy stolic and 70 diastolic. The chest was clear to percussion and suseulta 
tion. The follow ing draining sinuses were noted: on the medial aspect of the lowe portion of the right thigh 
on the medial aspeet of the left supra ondylar area, on the lateral aspect ol the right foot, and at the amputa 
tion site of the filth finger of the left hand. Along the medial aspect ol the right Achilles tendon was 2 poorly 
healed sear. There was limitation of motion of the left knee and of the right ankle. A roentgenogram ol the 
chest revealed fibrosis at the left base suggestive of old infection without evidence of active pulmonary dis- 
enuse. Roentgenograms of the left hand, right foot and ankle, and of both knees were made. The roentgenogram 


ol the right foot (I ig. |) showed «a punched-out area of bone destruc tion in the caleane us, and a rocntgeno 
area of bone destruction in the medial condyle 


gram of the left femur (Fig. 2) showed ar 
Labor itor, findings at admission were as follows: 


ted blood cells 


280 O00 per cubic millimeter 


Hemoglobin per 100 cubie centimeters 
White blood cells 9,200 per cubie millimeter 
Neutrophils S2 per cent 
vinphior Vtes 17 per cent 
Nonoeytes per cent 


Sedimentation rate 30 millimeters per hour (Wintrobe method) 


Hematocrit 30 grams per LOO cubie centimeters 
| 


Blood urea nitrogen 1 milligrams per LOO cubic centimeters 


Fasting blood sugar SI milligrams per 100 cubie centimeters 

The Hinton test was negative 

Urine was negative except for 2 to 4 red blood cells per high-power field and 1 to 2 white blood cells 
per high-power field 

Biopsy of the sinus tract of the left supracondylar area was performed. Sections showed granulation tis- 
sue with necrosis and seattered multinucleated giant cells. A second biopsy specimen Was taken from this 
area to inelude bone Sections revealed “a chronic granulomatous process, in which there is necrosis In 
pl wees somewhat suggesting tubercles, but not entirely characteristic, even though there are yinnt cells 
Seattered throughout the inflammatory tissue, however, there are many organisms that have a central nuclear 
zone, With a rather sharp doubly contoured border. No endospores found.” Figure 3 is tissue taken from the 
medial condyle of the left femur stained with a periodic-acid-Schiff stain and showing Blastomycetes. A 
culture could not be made, since the biopsy specimen had been received in the laboratory fixed in formalin 

The patient was given penicillin after the second biopsy and, as soon as the diagnosis of blastomycosis 
had been established, therapy with potassium iodide was instituted. Twenty-one drops per day in three 
divided doses of a saturated solution were given, and the dose was increased daily, so that after two and one 
half weeks the patient was receiving 270 drops per dav. The patient also received 1.500 cubie centimeters of 
whole blood, vitamins, and a high-caloric diet. The wounds were cleansed locally with ether and the dressings 


were changed frequently. The patient’s improvement was progressive, with diminution of drainage from the 


SURGERY 


PHE JOURNAL OF BONE AND JOINT 


ay 
q 
| 


BLASTOMYCOSIS OF BONE 


Photomicrograph (X 1000) of a section taken from the medial condvle of the left femur, showing 
Blastomyvcetes in the process ol budding 


Fria. 4 5 
Fig. 4: Roe ntgenogram made July 1952, one and one-half vears alter treatment showing healing of 
the lesion of the medial condyle 


Fig. 5: Roentgenogram made in July 1952, revealed healing of bone destruction of the caleaneus of 
the right foot. 
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sinus tracts, At discharge, eleven and a half weeks after admission, drainage from the right knee and left 
hand had ceased and these wounds were healed. Drainage from the left knee and right foot was minimal 
ton muide before disc harge showed no appre lable change in the of the bone lesions 
On discharge the patient had gained weight, felt much improved, and was walking with crutches with con- 
siderable improvement in knee and ankle motion. He was discharged in May 1951, potassium iodide therapy 
being continued 


Laboratory findings at discharge were as follows: 


Red blood cells 1,750,000 per cubic millimeter 
Hemoglobin 92 per LOO cubic centimeters 
Sedimentation rate } millimeters per hour (Wintrobe method) 


When he was seen in the Out-Patient Department inJuly 1051, there was still slight drainage from the left 
knee and right foot. The patient was ambulatory without crutches; he was asymptomatic, and there were 
ho signs or symptoms ol iodism. Potassium iodide the rapy Was continued 

In December 1951 the patient appeared well with no complaints and the sinuses had been healed and 
dry for three months. The hemoglobin was 85 per LOO cubie centimeters. Potassium iodide therapy was con- 
tinued at ISO drops daily for one week, alternated with a week without medication 

In July 1952 all sinuses were complete lv healed and dry and the patient Was asvmptomat i and was 
working full time in farming. He had gained weight and appeared entirely normal. Roentgenograms were 
made of the distal ends of both femora, both feet and ankles, both hands, the chest, ribs, thoracic spine, pelvis, 
and skull. There was no evidence of bone disease and the lesions prey iously present were found to be healing 
Figures 4 and 5 show the roentgenograms of the left knee and right foot made at this time, about one and 
a half years after treatment, with healing of the lesions in the calcaneus and femur 


It was planned to continue potassium iodide therapy for one more Vveur 


DISCUSSION 


The source of infection in this disease is obscure, and transmission from animals has 
never been proved, although the condition is most prevalent among farmers and laborers, 
The portal of entry in this case, as in most cases of systemic blastomycosis, Was appar- 
ently the respiratory tract and the first symptoms were referable to the lungs. Roent- 
genographically the appearance of the bone is not pathognomonic and is easily confused 
with that in tuberculosis, neoplasms, and especially coccidioidomycosis. The appearance 
is usually that of a well defined punched-out area with little surrounding bone reaction. 
\ll areas of the skeleton are susceptible to the disease; the ribs, vertebrae, skull, and tibiae 
are most often involved. Positive diagnosis probably depends on culture of the organism, 
but identification of the organism on permanent section obtained by biopsy is character- 
istic, and might be confused only with Cocerdioides tmmaitis and cryptococcosis or South 
American blastomycosis. In this case the diagnosis was established on permanent section 
of the biopsy. Sections show Blastomycetes in the process of budding as demonstrated in 
Figure 3, which differentiates this disease from coccidioidomycosis, a condition in which 
endospores are found. No endospores were found in this case. Moreover, the average size 
of the organisms in the sections was that of Blastomycetes and not of Coecidioides. A 
further aid in diagnosis is a positive skin test to the Blastomyces vaccine and a positive 
complement-fixation test. These were not done in this ease. It is felt by some authorities 
that the prognosis is best with a positive skin test and a negative complement-fixation 
test, and the prognosis poor with the opposite situation ®. 

Treatment of this disease has been disappointing, except in cases in which only skin 
was involved; in these cases surgery, iodides, and roentgen therapy have been of consid- 
erable benefit. Numerous drugs have been used in the treatment of systemic blastomycosis, 
including arsenicals, colloidal gold and copper, thymol, sulfonamides, and ether, as well 
as roentgen therapy and antibiotics. The most consistently good results have been with 
iodides, usually given orally as a saturated solution of potassium iodide in large doses. 
Schoenbach, Miller, Ginsberg, and Long* have reported good results in two cases of sys- 
temic blastomycosis in which stilbamidine and propamidine were used and the same au- 
thors reported good results in three out of four patients treated with stilbamidine. The 
few articles which have appeared on the use of antibiotics have reported consistently poor 
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results with streptomycin, penicillin, chloromycetin, and aureomycin. Potassium iodide is 
probably still the most effective treatment, but the importance of skin-testing with 
Blastomyces vaccine before instituting potassium iodide therapy is repeatedly stressed 
in the literature. Several cases have been reported in which a cure or improvement has 
been obtained with potassium iodide, but in view of the recent reports ou stilbamidine it 
would seem that this drug deserves a thorough trial. 

Nore: The author is indebted to Dr. Joseph Porter and the Pathology Department of the Maine 
General Hospital for their invaluable aid and cooperation in this case 
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COMPRESSION ARTHRODESIS OF THE KNEE JOINT 


A Cast Report 


BY C. J. KAPLAN, M.CH.ORTH., F.R.C.S. (ENG.), DURBAN, SOUTH AFRICA 


From King George Ve Hospital, Durban 


The positive and reliable results of arthrodesis of the knee joint by the method 
described by Key? * and later by Charnley are well known to most orthopaedic surgeons. 
This method has been employed by the writer in seven cases with uniformly good results. 
In three cases the operation was performed for osteo-arthritis and in four for tuberculosis 
of the knee joint. 

In an early case the tibial pin fractured on the tenth day after operation and examina- 
tion revealed that the knee was clinically firm. Since then it has been our practice to com- 
mence straight-leg-raising exercises two weeks after operation and to remove the Stein- 
mann pins one week later and to fit the patient immediately with a walking caliper brace 
which had been ordered a week previously. Walking is begun on the following day and the 
patient is ready to leave the hospital within seven to ten days. The ealiper is discarded 
after three months, but it is likely that this period can be shortened without danger. 

A unique opportunity was offered to obtain a postmortem specimen of a knee joint 
exactly forty-two days after arthvodesis had been performed. The findings are instructive. 


CASE 


REPORT 
An Indian male, aged thirty-two years, underwent a compression arthrodesis for tuberculosis of the 
left knee with unsound fibrous ankylosis and backward subluxation of the tibia on the femur. There was a 
long history of pulmonary tuberculosis, but this was declared to be under control at the time of operation. 

On the fourteenth day after operation the sutures were removed and straight-leg-raising exercises 
were commenced 

On the twenty-first day the Charnley clamp and pins were removed and the patient was fitted with 
a Walking caliper brace. On the twenty-eighth day he was walking well without pain. 

On the thirty-sixth day after operation the patient went to bed, not feeling well; no cause was found 
On the forty-second day the patient died suddenly. 

Autopsy revealed lesions of both apices, adherent pericarditis from an old tuberculous infection, and 
atheroma of the coronary arteries. The cause of death was certified as heart failure, due to coronary in- 
sufficiency. 
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| iy. | Mounted specimen showing 
contact between the two bones 
Fig. 2: Roentgenogram of slice six millimeters 
thick, showing density along the line of ar- 
throde 


Microscopic section (van CGieson stain, X 16) showing apposition of bone trabeculae. In this teeh- 
nique the slide was used as a negative and projected on a sensitized plate, from which this photograph 
was made 


The knee itself was firmly united and no HMpression could be made upon it by levering it over the edge 
of the table. The knee region was excised en bloe and sagittal sections were made. A central section, six 
millimeters thick (Fig. 1), showed intimate bony contact between the two fragments, A roentgenogram of 
this slice showed increased density along the line of contact (Fig. 2). 

Microscopic sections were cut through the line of the arthrodesis and stained by the Mallory technique. 
Figure 3 shows this section and indicates the complete absence of dead space between the bone ends. High- 
power views (Pigs. 4 and 5) show marked osteogenesis, with repair going forward rapidly. Figure 4 shows 


definite bridging of the gap with woven bone which appears to “flow” away from its parent bone. 
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160) of section decale 
another field, showing active osteogenesis The lamellar structure of mature bone is well shown 
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stom rograph 


Fig. 4: 
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DISCUSSION 


The rapid and sure bony union following this method of arthrodesis is a great advance 
when compared with other methods, which require changes of plaster whenever needed 
over periods of six to nine months and which offer the ever-present threat of fibrous 
union. 

In arthrodesis without compression, as in ordinary fracture healing, the dead space 
between the fragments is filled with a hematoma which becomes vascularized and organ- 
ized by the ingrowth of capillary loops; around this forms the osteoid tissue which eventu- 
ally becomes bone by a process of metaplasia. The compression factor in arthrodesis 
ensures complete immobility and close contact of bone ends, eliminating the need for the 
vascular framework, and allows immediate growth of fibrils of woven bone from the mar- 
ginal osteoblasts with resultant firm and early bony union. 


Durban, for mounting the 


ital, 
A. Mansfield for the excellent 


Nove: The author wishes to thank Mr. S. Seott of King George V Hos 
specimen, Miss Alice Solomon for the microscopical preparations, and Mr 


R 
photographs 
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GRAVITY GONIOMETER 
KY ROSWELL K. BROWN, M.D., AND B. R. STEVENSON, PH.D., BUFFALO, NEW YORK 


From the Rdward J. Me yer Vemorial Hospital and The Univer sily of Buffalo School of Medicine ‘ Buffalo 


The gravity goniometer is an instrument for the measurement of angles by means 
of a protractor with a weighted pointer. The Physiotherapy Department of Murphy 
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_---7 Two inexpensive protractors 
_--glued to plywood plaque 


_-Pointer cut from 


plexiglass 


Bicycle trouser-guards 
rigidly fixed to back 


Fish-line and sinker 
may be substituted for pointe 
Kia. 1-B 


General Hospital (United States Army) called to our attention a gravity instrument 
used in pronation and supination. The improvised instrument shown in the illustration is 
more widely useful. The bone proximal to the joint must be fixed for two readings at the 
extremes of distal motion. The face of the instrument must move in a vertical plane. 
The use of a protractor and a weighted string is simpler and affords a ready check on the 
perpendicularity of the protractor face. 


A SIMPLE METHOD OF REDUCING DISLOCATIONS OF THE ELBOW JOINT 
BY LEROY 8S. LAVINE, M.D., BROOKLYN, NEW YORK 


From the Departments of Orthopaedu Surgery, Jewish Hospital of Brooklyn, Brooklyn, 
Veu York and Indiana niversily Vedical ( enter, Indianapolis Indiana 


Backward dislocation of the elbow joint is a Common injury and may occur at any 
age. The usual method for reducing this dislocation involves the use of an assistant who 
holds the upper portion of the patient's arm while the operator applies gentle traction to 


the patient's forearm in line with the deformity. Occasionally, this method of reduction 
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fails. This is true especially when patients have lateral or medial displacement or when 
patients are in a state of apprehension, causing muscle spasm. In such occasional instances 
of failure, reduction under anaesthesia is generally resorted to. 

The author’s method for reduction of s 
backward dislocation of the elbow joint is 
simpler than the one generally in use, be- 
cause it obviates the necessity of an assist- 
ant. Additionally, this method eliminates 
the likelihood of even the occasional use ot 
anaesthesia by the employment of what 
might be termed psychotherapeutie muscle 
relaxation instead of anaesthetic relaxation, 
a procedure undoubtedly more desirable for 
both the patient and the physician 

The author's method was discovered 
accidentally while he and a patient, a child 
were Waiting for anaesthesia in order that a 


dislocation defying simple reduction might 


be reduced. The child’s arm had been placed 
in a comfortable position over the back of 
a chair and had been in that position for five 


or ten minutes. The patient appeared so re- 
laxed that the operator walked by and 
pulled down on the patient’s fingers, im- 
mediately reducing the dislocation atrau- 
matically (Fig. 1). 

A roentgenogram revealed perfect po- 


sition. The usual postoperative care was 


followed with excellent results. 


This method of reduction seemed so 
simple that it was utilized, successfully, on 
six succeeding patients, three of whom were adults and two of whom had lateral displace- 
ment. The method was slightly modified by placing one hand on the patient's humerus 
and pulling on the patient's entire hand with the other, the operator’s thumb being used 
to correct the lateral or medial displacement during the pulling down 

Padding may be placed over the back of the chair under the patient’s arm before 
reduction in order to ensure the patient’s comfort 

It should be emphasized that it is necessary, in order that the procedure may be ef- 
fective, that the patient be relaxed. The dislocation can then be reduced gently with as 
little trauma as possible. A relaxing factor inherent in this method is that the patient's 
arm is left completely under the control of the patient until the moment of reduction. The 
presence of one operator rather than of two seems also to create a tension-free atmosphere. 
The patient should first be assured that he will suffer little pain or discomfort. This will 
help to gain the patient's complete confidence which is so important in all methods of 


non-anuesthetic reduction of dislocation 
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Proceedings 
WESTERN ORTHOPEDIC ASSOCIATION 
Sixteenth Annual Meeting held at Coronado, California 


OcTOBER TS, 1952 


In this delightful setting on the shores of San Diego Bay, some four hundred members. their guests, and 


members of their families gathered to learn about the contributions Which the orthopaedic 


men of the western 
United States are 


making to the specialty of bone and jeint surgery. With equal enthusiasm, old friendships 
were strengthened, better acquaintance developed, and the social activities were a delight to all 

Sun Valley was overwhelmingly voted as the choice for the next Annual Meeting in the fall of 19538, 
under the presidency of Dr. John Le ‘ocg of Seattle, Washington. Other officers elected to guide the As- 
sochition for the vear were: 


President-Elect: Dr. Leonard B. Barnard, Oakland. California 

Secretary: Dr. Forrest L Flashman, Seattle, Washington: 

Treasurer: Dr. Harry C. Leavitt, Seattle. Washington: 

Chairman, Editorial Committee: Dr. Merrill Mensor, San Franciseo, California 
Chairman, Program Committee: Dr. Ernest Burgess, Seattle, Washington: 
Chairman, Entertainment Committes Dr. A. ‘ocd, Seattle, Washington 
Chairman, Exhibits Committee: Dr. Medgar Rogge, Seattle, Washington 

The daily scientific sessions started promptly 


at 9:00 o'clock in the morning and carried through until 
5:00 o'clock 


with the usual mid-day interruption for lunch and periods to visit the commercial exhibits 


These interesting exhibits were quite representative of the national surgical houses and, with the display of 


their latest gadgets, attracted considerable attention. 
The report of the retiring president, Dr. Vernon P Thompson ! of Los Angeles, California, was typical 
of the idealism, clear thinking, and leade rship of one of the outstanding members. He traced the g 


rowth of 
the Association from its founding in 1933 to its present status, as the 


representative ol orthopaedic thought 
and progress of the western United States, with its concomitant responsibilities to the young man starting 
the specialty, and its obligations to the national organizations and the orthopaedic 


profession in general, 
An abstract of the Presidential Report follows: 


The Presidential Report. Dr. Tuompson’, after giving credit to the other officers of the organization and 


to members of the various committees for their good work and cooperation, reviewed the | 


ustory of the 
West rn Orthopedi« Association and outlined Its Purposes He recalled that the 


Association was first organized 
in 1933 and was an outgrowth of the annual exchange meetings between the Los Angeles and the San Fran- 
cisco Orthopaedic Societies, which had been in existence for many years. There has been a steady growth and 


expansion of the Association into new areas, with the formation of many new chapters; in addition to the 


chapters in Los Angeles, San Francisco, and San Diego there are chapters in Washington, Oregon, Arizona, 


Utah, and Hawaii. The Honolulu ¢ ‘hapter, the newest chapter and its representative to this vear's meeting, 


Dr. J. Warren White, were weleomed into the organization 
The purposes of the organization are both scientific and social and a proper balance between these two 


was urged. In some years the scientific aspect of the program has been somewhat top-heavy and in other 


vears the social aspect has received more than its proper share 
Dr. Thompson made several recommendations for the future Which ineluded: 


1. The employment of a part-time executive secretary: 
2. A central office where the records could be kept and where much of the 


business of the organization 
could be transneted: 


3. That more emphasis be placed on the hon-operative aspect of orthopacdics. We probably have been 
guilty ol negler ting this aspect of our specialty in recent vears to the extent that other fields are taking over 
certain orthopaedic problems; 


$1. An award to be given each year for the best essay submitted by an orthopaedic resident physician 


(Later in the meeting this recommendation was adopted by the membership, and it is planned to 
$500.00 award each year for the best essay | 


give a 
y a resident physician in orthopaedic surgery, The award will be 
known as the Vernon P. Thompson Award 

The scientific papers, numbering twenty-seven in all, are summarized in the following abstracts: 


Use of Quick-Setting (Se Uf-Curing) Acrylics in Orthopaedic Surgery. Dr. I, L. Wivrse? and Dr. R 
' 1136 West Street, Los Angeles 14, California 
Mast Mighth Street, Long Beach 13, California 
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Haus® Methyl methaeryvlate, an acrylic plastic, has been used for many years in medicine but especially in 
dentistry. The clear plastic used in the Judet prosthesis is methyl methacrylate, also called lucite 

The authors have deve loop dia quick Setting acr he, whieh is me thyl methaerviate to the powder ol 
Which a catalyst, benzoyl peroxide, has been added and the accelerator in the liquid is a small quantity of a 
tertiary amine. The larger the amount of catalyst and accelerator added, the faster setting will oecur. A 
letailed description of the technique of mixing the materials was given. As the material sets, the temperature 
rites very rapidly and will go up to 176 degrees Fahrenheit. Hence, when placed in living tissues, necrosis 
will result unless ice-cold water is run over the material. The self-curing acrylic is less strong than lucite but, 
with slight re-enforeing with steel pins, no breaking occurs. The liquid is also self-sterilizing 

teactions to the acryvhe were studied in rabbits and monkeys and it was found to produce more reactions 
than Vitallium. Cranial defects in animals were filled successfully. It was also used in studying prosthetic 
replace ment ob various joints in monkeys 

The authors believe that this acrylic may be found of use in the treatment of many orthopaedic condi- 


Reconstruction of the Distal End of the Femur with the Use of an ferylic Prosthesis. Dr. Georce L. KRarr! 
and Dr. DD. TL. Levinrnan® presented a case in which a pathological fracture of the femur due to giant-cell 
tumor had occurred in the supracondylar area. The patient was a white female, thirty-seven years of age 

An aery lie prosthe sis had been made exactly the same size as her uninvolved femur on the opposite side 
The whole lower end of the femur was then removed and the acrylic prosthesis was substituted, The operation 
was done in December l95L: weight-bearing in a evlinder was permitted four weeks after surgery and weight- 
bearing with noexternal support nine weeks postoperatively. Flexion in the knee about nine months later was 
7H ake yrees and p tinless, Shortly thereafter the prosthesis eracked 

Dr. Kraft now has made a new prosthesis, which he claims will not: break. He is of the opinion that 
probably metal re-enforcements may actually weaken a prosthesis rather than strengthen it 


Complications Following Replacement Arthroplasty of the Hip. Dr. Wowarp A. MENDELSOHN® and Dr 
Seymour L. ALBAN’ reported on the study of forty patients ranging in age from twenty-five to eighty-three 
vears. Total number of prostheses used was forty-five, including thirty-nine Judet or modifications of the 
same, five Micher and one Jaenichen-Collison. Twenty-four or 60 per cent. of the patients had one or more 
complications. The various prostheses were used for degenerative arthritis, recent intracapsular fractures, 
old intracapsular fractures, aseptic necrosis of the femoral head, and rheumatoid arthritis. Complications 
were many; deaths 10 per cent., dislocations TL per cent., superior subluxations 22 per cent., paracapsular 
caleitications 20 per cent., pain at site of stem protrusion & per cent., protrusion of Kicher stem through the 
cortex 5 per cent., varus deformity of prosthesis 5 per cent., fracture of femur 5 per cent., fracture of acryhe 
head 2.5 per cent., persistent pain 37 per cent 

The authors believe that postoperative dislocations are probably due to (a) insufficient length of the 
femoral neck; (b) inadequate depth of the acetabular cavity; and (¢) excessive valgus placement of the 
prosthesis. They warn that surgeons must have a critical awareness of the many hazards involved in this 
procedure 


Open Reduction and Internal Fixation of Ununited Fractures of the Neck of the Femur. Dr. Harry R 
WaLker* and Dr. Dougias D. Torreumier®. Dr. Walker stated that the greatest contribution to treatment 
for fractures of the femoral neck was made by Roval Whitman with his abduction treatment. For a time it 
was believed that failures were rare, but subsequent studies showed that in only 53 per cent. of patients did 
osseous union develop by this method of treatment. Since the introduction of internal fixation, osseous unions 
have materially increased. Llowever, because of the structure of the bone in this region, and the inadequate 
blood supply, there will inevitably result a great percentage of non-unions. The speaker seems to prefer the 
Brackett operation if the femoral head is viable. Moreover, the Brackett operation and the bone-peg opera- 
tion may be combined; the head is removed from the acetabulum and is placed on top of the denuded tro- 
chanter and held by a bone pee, made from a four-inch tibial gralt, which is driven through a drill hole made 
in the head and down through the trochanter and into the medullary canal of the femur. The danger in this 
procedure is that the viability of the head may be impaired. Dr. Walker employs the various reconstruction 
operations of Albee, Whitman, Colonna, Campbell, or Luck in the presence of non-viable heads 

Twelve cases were reported with very good end results in eight 


Following Dr. Walker's paper, Dr. Toffelmier stated that orthopaedic surgery goes through eras, spasms 
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or fads. He recalled the era of the various methods of internal fixation for hips; Whitman, Smith-Petersen, 

and now the reconstructive era. This has been the subject of great discussion. Something valuable has been 

learned from each case. The era in which we now are brings in metals, plastics, and new complications. 
Motion pietures were shown of several patients, in all of whom non-union developed; eventually recon- 


struction operations were necessary 


Acetabulo-Arthroplasty by Concentric Articulation Methods. Dr. RoGer ANDERSON"? and Dr. Ivan 
LoOUGHLEN" stated that the relief of acetabular pain, stiffuess, and malformation in arthroplasties, as well 
as prosthetic surgery, can be accomplished by strict adherence to the following principles: 


1. Complete removal of all diseased cartilage, osteophytes, and fibrocartilaginous over growths: 
2. Preservation and utilization of the durable subchondral bone; 

3. Conformity of the axis of the acetabulum with the axis of the femoral neck and head: 

1. Perfection of fit between the head and the socket; 

5. Correction of contractures — synovial, capsular, and muscular; and maintenance of corrected position. 
To fulfill these requirements, a technique of acetabular reconstruction was devised which is equally ef- 


fective with Vitallium-cup and fascial procedures, or with any of the various prostheses, 


In the discussion following the presentation of these five papers, Dr. James MeC oy! said that today 
there is no universal hip prosthesis. Perhaps the ideal prosthesis will be interchangeable and adjustable. 
The ideal prosthesis will enable us to adhere to the time-proven principles of arthroplasty if these prineiples 
are of any value at all. 

When a Vitallium cup settles on the neck and becomes fixed, the patient’s pain subsides. This fixation 
of the prosthesis to the femoral neek may partially explain the early and prompt freedom from pain seen wich 
the use of the new acrylic and metallic replacements 

To be successful, a prosthesis must have the broadest possible surface contact on bone, without hindering 
blood supply, and should bear weight with a minimum of stress if pressure atrophy is to be avoided. 

It is now readily seen that a prosthesis should be chosen to suit the problem at hand. Several types and 
sizes should be conveniently available. The Judet type, even with added washers, is certainly not suitable for 
use in the patient with a short femoral neck. Vertical stresses cause such prostheses to go into varus eventu- 
ally and gluteal weakness always ensues, For the short femoral neck, the use of an intramedullary type of 
prosthesis is recommended, which does not require resection of the neck and trochanter for its insertion: for, 
if infection follows, the problem is then not greatly increased. The metal can then be removed and the re- 
maining neck ean be placed in the acetabulum. There are other types available for use in the total absence of 
the femoral neck and, in fact, some forty types have now been reported in use 

In his small group of cases, he has found that the posterolateral incision is the most suitable for these 
operations. The danger of postoperative dislocation is reduced. The blood loss is diminished and the procedure 
is definitely less time-consuming. Moreover, the lateral aspect of the femur can be visualized without a second 
Incision 

In reference to reconstruction operations, osteotomy has been used a little more frequently than the 
formerly more popular formal reconstructions. It has been generally thought that the Brackett and Luck 
procedures are more applicable to the younger patient for whom a grafting operation is not suitable because 
of a short or non-existent femoral neck, in the presence of a viable head 

With better understanding of the indications for the use of the hip prosthesis and with a more judicious 
choice of the type ol prosthesis to be used on a given occasion, we will see a definite diminution in the number 
of complications so ably discussed in today’s papers 

Dr. Fraser MacPuerson" said that the preceding papers present many interesting and possible new 
approaches to the treatment of hip conditions 

(As one of the speakers pointed out, amputation is a destructive process. Arthrodesis is an excellent 
procedure, resulting in relief of pain, but there are still many complications. We are trying to be more con- 
structive. Dr. Mendelsohn has shown the complications which arise in any arthroplasty; his report is dis- 
couraging, but arthroplasty may be a stage such as we went through in pinning hips. We are using the Hibbs 
approach because it is the easiest approach we know, with very little loss of blood and much less shock 

Dr. Anderson brought out anatomical problems which are important. Many mistakes are made tn 
operating upon short necks. It is important to restore the neck and to have the acetabulum of adequate size 
His principles emphasize the problems of adequate tension about the hip. 


The Pitfalls of Contrast M yelography. Dr. Joun D. Came" said that myelography is now established as 
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a diagnostic procedure; it is a mechanical procedure, in which we try to outline the form of a substance within 
the spin il canal. It is esse ntial to correlate climes! and mvelographic IONS 

Five cubic centimeters of contrast media is advised especially in the thoracie and cervieal regions, al- 
though even in the lumbar region it is advisable to use at least five cubie ntimeters because the contrast 
media should be run up at least to the twelfth thoracic vertebra and preferably to the tenth thoracic; with a 
smaller amount than five cubie centimeters in any of the three spinal regions, the tendency to droplet forma- 
tion rather than formation of a solid column is great, and multiple as well as small lesions are missed 

The common anatomical pitfalls are 

1. A narrow cul de sac, which occurs in 5 per cent. of the patients 

KB. Failure to observe the number of the lumbar vertebrae, which may be four or five; 

(. Variation in the shape of the vertebral bodies, which are sometimes scalloped; in such cases the oil 
shows multiple shadows which might simulate multiple protruded dises with the oil column becoming narrow 
is it passes over the hump of the intervening dises 

In A, which accounts for 5 per cent., it is obvious that either small or large lesions will not show be- 
enuse of the variation 

In # it is essential that roentgenograms be taken prior to the myelograus so that the number of the 
vertebrae may be definitely known 

In @ multiple views, including « lateral and a prone horizontal, in addition to the conventional views 
are very helpful, since 1S per cent. of the dises appear to be multiple 

The technique of puncture is most important; the procedure should be without bleeding and with an 
easy introduction of the contrast media after the appearance of spinal fluid, as oil in the epidural space will 
not move. In the sub-arachnoid space, on fluoroscopy the oil will move faster than in the sub-dural space and 
i combination of these causes misleading ty pes ol deformity 

Central dises are difficult to recognize, because most of them do not cause obstruction. If the table is 
tilted slowly, and multiple views are taken, a large dise can readily be determined, although it may simulate 
a tumor as a bilateral detect. Hypertrophic spurs are also misleading and multiple views are helpful in identi- 
lying them. Combinations of herniated dise and tumor masses frequently oceur, and it must be remembered 
that only 2 per cent. of spinal tumors oceur in the lumbar region, and that of all cord tumors 4 per cent. are 
multiple. Obviously, atrophic lesions which do not occupy space are not disclosed by myelography. 

Contrast myelography is a mechanical method, and it is essential to correlate these findings with the 
cliniea! findings. Dr. Camp estimates that there is approximately 20 per cent. of error in contrast mvelog- 
raphy. The slides shown were of individual cases illustrating all of these pitfalls 


Fundamental Studies on Electromyography. Dr. Verne T. INMAN® reported an experiment attempting 
to demonstrate the existence of the percentage of a simple relation between electromyogram and tension, 
mid using the human muscular activity in cineplastic amputees, where the tension and electrie behavior of 
individual museles could be measured simultaneously. The strain-gauge dynamometer and the Heiland 
oscillograph were used with three types of electrodes skin, wire, and co-axial and readings were recorded 
simultaneously 

It should be noted that the type ol electrodes employed is not essential, if they are placed over the 
central mass of the musele to be studied. The results of the experiment showed: 

1. The integrated electromyogram parallels tension in the human muscle contracting isometrically 

2. No quantitative re lation between electromyogram and tension exists when the muscle is allowed to 
change in length 
No quantitative re | tionship between elec tromyogram and muscle powers 

1. The amplitude of the electromyogram characteristically diminishes in large human muscles when 
they are stretched. This phe nomenon has not been fully « \plained 

5. It is shown that a lag of approximately 0.08S-0.02 second exists between peak electrical activity 
and peak tension of the human muscle, which should be taken into account in the analysis of rapid move- 


ments 


Klectromyography in Relation to Orthopaedic Surgery. Dr. A. A. Martnacct! emphasized that it is neces- 
sary to keep in mind that the ultimate unit of power is called a motor unit; that a motor unit is a nerve and a 
muscle working as a physiological machine generating power, resulting in voluntary function; and further. 
that a motor unit anatomically is made up of one anterior horn cell, its axon, and approximately 100 to 150 
musele fibers. Thus, by voluntary effort, it is possible to generate a single motor-unit voltage, which has one 
to three or four spike-wave forms with a variation of voltages from 200 to 3,000 microvolts, having a dura- 
tion of from 2 to LO milliseconds with a generation frequency of trom | to 30 per second. Further, under 
normal conditions, the action potential makes muscle fibers contract in harmony, and the result is a sharp 
clear sound 
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The method of diagnosis of peripheral-nerve injury in the form of complete or partial interruption, 
irreversible physiological block, or psychological block was shown. The use of the eleetromyograph as a 
diagnostic aid in herniated int rvertebral dises and their differentiation from disease processes was discussed 
The Meditron Clinical Eleetromyograph was demonstrated, in which the various wave forms were heard 
through the loud speaker and seen in the oscilloscope 

Electromyography was recommended 2s a laboratory procedure, to be correlated with the clinical 
picture. 

Vlectromyography in the Diagnosis of Verve-Root Compression Syndrome. Dr. Pauw A. Dr. 
Warp W. Woops'*, and Dr. Devaerr H. Werven! reported the results of a study in seventy-five con- 
secutive cases to determine whether lesions COTAPPessing it single spinal nerve root could be located exactly 
with the more sccurate technique ol using needle elec trode and cathode-ray oscilloscope, and the accuracy 
of electronic diagnosis as compare d with that of pantopaque myelography The results have been verified 
surgically. The instrument used was a Meditron, Model 201, Clinical Elec tromyograph. The results showed 
correct localization by the electromyogram of the spinal nerve root or roots compressed in sixty-eight of 
seventy-five causes 

A comparison between electromyographic and myelographic and operative findings revealed that the 
eleetromyograms Were correct in sixty-eight of seventy-five cases or 90.7 per cent., incorrect in seven cases Or 
9.4 per cent the myelograms were correct In filts eight of seventy-five cases or 85.3 per cent., incorrect in 
ten or 147 per cent 

It is suggested that the use of electromyography in conjunction with clinical examinations and myelog- 
raphy results in more accurate diagnosis in cases ol spinal-nerve-root compression syndrome, 

In the discussion of the preceding four papers, Dr, CHARLES O. Beco. 7° brought up the question 
of the practical use of the ele ctromyograph to the orthopaedist. It is strictly a laboratory procedure to help 
in diagnosis of nerve-root pressure and in watching the progress of a known nerve lesion. Further study will 
increase its usefulness, but it is not vet an esse ntial part of the orthopaedist’s armamentarium. 
Dr. Francis West?! believes that the procedure is a definite aid in diagnosing berve-root pressure but 


has great possibilities of error. It helps in localizing the level of the lesion. In questionable cases, a negative 


finding is of extreme value 


Turnbuckle Cast for Reduction for Wide Se paration of Symphysis Pubiz. Dr. Ropert A. ROBACK 2, 
and Dr. Harry J. HoGan™ stressed that several methods are available for reducing fracture-dislocations of 
the pelvis with separation of the symphysis pubis. Fresh fractures are usually easily reduced; however, after 
several weeks of separation, the pubis is not easily realigned. Two such eases were reported; one in a patient 
with multiple fractures of both lower extremities ith 2.5 centimeters separation of the symphysis after five 
and «a half weeks, reduced by turnbuckle cast to LL millimeters with complete functional recovery; the 
second, a patient seen two months after the injury, in whom the separation was reduced by a similar 
method to 12 millimeters with asvmptomutic ambulation possible 

Discussion by Dr. Ropert Mazer, JR. * pointed out that the separation between the symphysis pubis 
which had persisted for seve ral weeks contrasted to fresh separation. He cited a single case, a machinist, 
fiftv-nine vears old, with fracture of the right femoral neck, tracture ol the scapula, fracture of the pelvis 
with separation of the svmphysis pubis, and rupture of the bladder. 

After prompt repair of the bladder, a pelvie sling was applied in the conventional manner, Complete 


reduction Was obtaimed within twenty-lour hours 


Hip Derangements Seen in Cerebral-Palsied Children. Dr. SYDNEY SPERLING™ stressed the fact that in 
spastic children ¢ areful observation should be made of the hip joints, because so many te nd to have a migra- 
tion ol the femor il head out ol the sa etabulum The tactors produ ing this are probably the tight adductors 
and the flexion and internal rotation, thus predisposing to migration of the femoral head 

Of 1,243 patients seen in the Cerebral Palsy Clinic over a six-year period, 162 were referred for roent- 
venograms of the hips because ol suspected bone changes on clinical examination. Of these 162. children, 
thirty-two were found to have hip abnormalities consisting ol frank dislocations, subluxation of femoral 


g heads, and valgus positions of the femoral head 
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Treatment consisted in tenotomy of the adductor longus and neurectomy of the anterior branch of the 


obturator nerve. Postoperatively, mild traction was applied in wide abduction and later an abduction night 


In six selected patients improveme 
Wiittam R. Duncan® stated that he believes that the early valgus 


splint was used nt in ambulation and ability to stand were achieved 
In the discussion of this paper, Dr 
position of the femoral neck ts i danger sign that the femoral head may dislocate, that the adductor spasticity 


is the cause of the valgus position of the neck, that the rectus temorts is Tre quently contracted in these cases, 


causing flexion of the hips and forward tilt of the pelvis, and that this combination produces the subluxation 


of the femoral head and eventual dislocation 
Dr. J. WarRkEN Wurre® believes in doing the intrapelvie obturator neurectomy in these cases. He also 
advocated subtrochanteric osteotomies to correct the deformity 


De. MATHEW ‘stressed the tendency of many surgeons to the problem to the “next 


man. The cause is the fixed position of flexion and adduction, resulting in constant stretching of the capsule, 
coupled with valgus position of the femoral neck. He urged the watehing for progressive luxation, but he is 
uncertain whether myotomies and neurectomies are sufficient. He emphasized the necessity of maintaming 
the abduction position 

Tihial-Plateau Fractures. Dr. Mason Hour * reported a study of 345 patients treate dat the Los Angeles 
County Hospital between July 1944 and June 1950, the eases being divided into three groups: 
A. The type in which the entire plateau appears to slide laterally and becomes depressed without much 


articular surface damage 


B The type in which ce pression ola portion of the condyle is the main feature; 


C. The split type in which lateral displacement is noted 
Of all of these cases surgery was done in only twenty-one cases. Traction or casts were used in the re- 
mainder. Follow up was lor a period ol two or more yeurs, average follow up was flour veurs 

In the patients operated upon, iliac bone or tibial bone was used to fill the defect after elevation 

The results show that closed treatment will give satisfactory results in SS per cent. ot cases with nine 
millimeters or less of depression. Operative treatment is recommended with depressions of more than one 
centimeter, and in 87.5 per cent. of these satisfactory function was obtained; whereas in those depressed 


more than one centimeter and treated conservative ly, only 45 per cent. obtained satisfactory end results 


Early motion is stressed in the treatment, as well as the need of keeping the femoral condyle out of the de- 


pressed area until it is well filled in with fibrous tissue 
Of the entire series 74 per cent. attained excellent or good results fun tionally. 


7 aumatic Subcutaneou Ru of the T ihialis ndon Dr CAEORGE L Ornpway’*, This Is 
/ 


rather rare condition and the author stated that only ten cases have been re ported in the literature 


Two cases were reported by the author Both patients sustained the rupture when strong plantar flexion 


the time of the accident. Surgical repair was done in both cases with excellent func- 


of the foot occurred 
is an ideal atraumatic material 


tional results. Stainless-steel wire for suturing the tendon is recommended 


to decrease foreign-body reaction and serous formation 
Merri C. Menxsor™ said that he believed that probably more cases occur than 


In the discussion Dr 
w rupture of the tibialis anterior in trauma of the foot Karly 


are recognized; careful search should be made t 


recognition and repair are important for a good end result 


of the Proximal I nlerphalangea Joint Dr {OBERT B PORTIS reported that 


rlension Lit formaity 
At the proximal interphalangeal jomnt ot the finger leads to a 


an unhealed avulsion of the ‘ ipsule 


characteristic deformity ind disability The finger 
capsule of the joint, the proximal interphalunge il joint hyperextends and the distal joint falls into partial 


be fully extended since, by the rupture of the volar 


flexion. Hy <tension of the proximal nite rphalange ul JOULE Is ompanied by herniation of the head of the 


proximal phalanx through the avulsed capsule. These injuries generally are produced by a blow on the tip 


of the finger 
Surgical correction is by repair of the avulsed volar capsule. He reported four cases. Upon one patient he 


operated with good result 
Wavrer C. Granam®™ reported having seen many similar cases, but he did not 


In the discussion Dr 
he found that the capsule Was simply stretched, and O- 


ages that the capsule is always torn. In many 
casionally the lateral bands were torn near the edges. He believes that the problem requires further investi- 


gation 
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Transplantation of the Greater Trochante) for Rotational Deformaities of the Lower Extremity. Dr. WuiiAM 
R. DUNCAN ® stated that, although internal rotational deformity is encountered more often in the Spastic 
type of cerebral palsy, it is also encountered in non-spastic Children who exhibit a great deal of internal 
rotation of one or both lower extremities when they walk This is caused by the greater trochanter being 
placed too far posteriorly and, on external rotation of the extremity, the posterior portion or the trochanter 
impinges against the pelvis. With the hip flexed, external rotation of the hip is not restricted, because in that 
position the posterior part ot the greater trochanter will not the elvis 

Correction is obtained surgically by transplanting the greater trochanter forward through «a postero- 
lateral approach. Denis Browne splints are used to hold the correction postoperatively until full healing has 
occurred. Several cases were reported with satisfactory end results 

Dr. Kennern B. Jacques", in discussing the paper, said that he had not noticed this deformity in 
children except in spastics. He believed that a good deal could be done to train children in proper postural 
habits to avoid this condition 


1 Critical Analysis of End Results in Fractures of the Femoral Shaft Treated by Intramedullary Vailing. 
Cov, Exnxest A. Bray ® stated that during the past four years at Letterman Army Hospital there have been 
ninety-three open intramedullary-nailing operations performed in selected fractures of the middle three fifths 
of the femoral shaft. In eighty-five of these patients there has been sufficient follow-up to know the end re- 
sult. Of this group, sixty-five operations were for recent fractures, — fifty-two for closed fractures and thirteen 
lor open fractures. Twelve operations were performed because of old non-union of the femur. Associated iline- 
bone grafts were used in all non-unions and in almost all patients with recent fractures. Eight patients were 
considered separately, because they presented infected gun-shot fractures with marked comminution snd 
loss of bone. These patients were treated by thorough wound débridement and intramedullary nailing: all 
wounds were lett Open tor drainage In re gard to the time of we ight bearing alter operation, the earliest Wiis 
one week, the latest sixteen wee ks and the ave rage 5.2 weeks. The ave rragee period of time in bed was 3.6 


weeks, being 2.7 in recent fractures, 7.7 weeks j 


the non-unions. A chart was prese nted, the 


patients treated conservatively with the patients treated by intramedullary nailing. For the patients treated 
conservatively, the time in bed was an average of twenty-five weeks and for the patients with intramedullary 
nailing, the time in bed averaged 3.6 weeks. The time in hospital was 44.1 weeks for those treated conserva- 
tively and 22.7 weeks for those treated by medullary nailing. Primary bony union occurred in SI per cent. of 
the patients conservatively treated, in OS.5 percent. ol the recent fractures treated by medullary nailing, and 
In DT per cent. of the entire group treated by medullary nailing. One non-union occurred in a patient treated 
by medullary nailing, because the pin was removed at seven months, which proved to be too early. Colonel 
Brav emphasized that the nail should remain in place for & minimum time of one year 

In conclusion, the author stated Our very satisfactory results with this group of patients have not 
made us unmindful of the preenutions essential to the nailing procedure and the inherent dangers of the 
method. Patients must be carefully selected and the operations performed by experienced surgeons under 
optimum conditions. Gunshot fractures should be treated in this manner only under exceptional cireum- 
stances and these wounds must be left Open When prope rly applied and skillfully executed, the intramedul 
lary-nailing procedure has proved to be an historic advance in the treatment of fractures of the femoral shaft 
The treme ndous functional and economic advant wes over treatment by conservative measures are sound 
justification for the ealeulated operative risk.” 

In the discussion, Dr. Leonarp Barnarp ™ recalled our attitude toward the World War II Crerman 
prisoners who were returned to their own countries with an “iron bar” in the femur. We ealled the procedure 
a terrible war atrocity. It is Dr. Barnard’s opinion that the treatment of choice for fractures of the femoral 
shaft is intramedullary pinning; he states that this is the method he would want used upon himself if he had 
this type ob Tracture 


Well-Leg Countertraction t pplication, Vechanics, and Indications Dr. J. Warren Wurre? said that 
the well-leg countertraction concept Was popularized two decades ago and inappropriately termed “well-leg 
traction ”’. However, the technique was advocated as carly as 1826; in this century it has been popularized by 
Hoke, Anderson, Jones, and others. Dr. White praired the apparatus of Roger Anderson, but demonstrated a 
hospital-made apparatus which is inexpensive and can be made quickly and easily with erating wood and 
other materials available in any hospital. Roger Anderson was the first to use a transfixion pin on the af 
fected side. Dr. White ¢ mph ized that he had found it advantageous fo Use a transtixion pinon both the well 
and the affeeted sides. A toe-to-groin cast is applied to each lower extremity, Incorporating the transfixion 
pin; the apparatus is then securely anchored into these casts. The author did not advocate Its Use as 4 routine 
procedure, but advan ated the use of the apparatus To WuUMerous conditions These conditions include 


Fractures or disloeations of the pely Is or snero-iliae joint 
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af 2. Central dislocations of the hip 


; Freetures of the femur in the trochanteric region or in the haft, but not supracondylar fractures 


1. Tibial fractures proxi il to the matleol 


5. Osteotomies of the femur, particular in the subtrochanteric and intertrochanteric regions 


i 6. For the correction of flexion and adduction contractures of the hip 
. 7. In congenital and other dislocations of the hip 
8. A reversal of the apparatus for the correction of abduction contractures ol the hip 
The advantages of the apparatus were given as: (1) minimal supervision as compared to the weight- 
and-pulley traction apparatus; (2) simplified nursing care; (© mobility of the patient and the ease with 
* which the patient can be placed in a wheel chair or on a stretchet } the constancy ol properly directed 


traction in maintaining alignment; and (5) shorter hospitalization and better adaptability to home care 


Disadvantages described were 1) immobilization of the well extremity with its hazard to the knee and 
hip; (2) possibility of a pin-trac k infection, particularly in the well leg; ( trochanteric bursitis on the well 
side as a result of the constant stretch 1) limited amount of traction which can be employed and (5) the 
risk of dislocating the well hip 


Dr. RoGeER ANDERSON 
lotted lug on each end of the pin and incorporating it into the cast. He also recommendet 


n discussing the paper, said that sliding ind rotation of the pin can be avoided 


by using a small 


that the plaster-ol Paris over the patella be removed so that the pate lla could be mobilized 


It was also recommended that the posterior aspect of the foot and heel portions ol the cast be re-enforeed, 


so that the dorsum of the foot and ankle portion ol the east could be removed in order that motion in the 


foot and ankle could be started. Traction should not be applied too soon, because of the danger of distorting 


the cast. In the comminuted type of intertrochanterie Tracture it was recommended that the traction ap 


pauratus be applied the day before the operation in order to facilitate pinning of the fracture 


= Plea for the Standardization of Joint Measurements. Dr. Packarp THURBER, 5R discussed the or 
ommission and emphasized the importance of accurate jomnt measure- 


ganization of the Industrial Accident 
isurements in the preparation of industrial accident reports. In 


ments ind st widardization 


1048. Dr. Thurber and others were requested by the Commission to standardize joint measurements mn 


industrial accident cases The svstem of measurement dleve loped as the result of this re quest Ws presented 


the Oxford University Press in 1950 under the title of Kvalwation of Industrial 


This report was published by 
the California Medical Association and the California Industrial 


Disability This system has been idopted b 


Accident Commission 


The importance of properly recording hand and finger movements was ¢ mphasized and «a hand block 


stump was shown which could be used to shorten the recording process. One further point emphasized is the 


importance of considering the normal tor a given individual as the uninvolved side (where there is an unin 


volved extremity o1 on the Op posite to Compare Joint measurements are recorded in fractions the 


range ol movement ol the injured joint bemg pl wed over the range of the uninjured 


The Use of a Dynamometer with Adjustable Handle Spacing Dr. Cuarnes O. Becuro. 7 has found that 


dynamometer with adjustable handle spacings has definite advantages. The instrument is a modification 


of the cable tensiometer used in the aircraft industry There are five different spacings of the handles, varying 


from one inch to three inches with increments of one-half inch. During compression, the handles move not 


more than one-fourth ineh. It was recommended that the grip be tested at each of the five handle spacings 


where hand function permits, alternating between the right and the left hand. The normal male grip varies 
trom} 50 to 120 pounds, ind the female from 30 to 70 pounds 


Factors influencing the grip were listed 
lL. The ¢ of the object: Wt was noted that the grasp usually varied about 50 per cent less when the hand 


was grasping the handles at the one ineh and the three-inch spacings 
2 Pesult of exercises: Exercise usually increased the force ol the grasp 


§ Handedne The Hajor hand’’ was found to be as much as 40 per cent, stronger than the “minor 


3 
hand’, 

( 1. Variation during the day: As much as 50 per cent 

ind reaching its maximum between 4:00 and 8:00 in the evening. 


Variation Was noted at different times of the day, 


the grip being lower in the morning 
Approximate ly 10 per cent, Variation was noted from day to day. 


5. Variation from day to day 
6. The effect of} pain variability was noted 
In te sting the detorme d hand, it was found advantageous to wijust the handles until the maximum force 
could be applied. This was particularly true in such conditions as Dupuytren’s contractures 


When malingering was suspected, the test was repeated several times without the patient being per- 


i mitted to see the result of the test. The normal variation ot identical tests is approximately LO per cent 
whereas mn mualinge rers It Was not uncommon to note 
In the discussion Dr. Packarp Tuurser, Sr.*? emphasized the importance of the grip in evaluating 


is much as LOO per cent. variation 
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and rating industrial injuries of the hands. He pointed out that the weakness of grip alone can run to a dis- 
ability rating as high as 60 per cert., which in California means approximately $7,000.00. Dr. Thurber ex 
pressed the belief that Dr. Bechtol’s adjustable-handled dvnamometer could solve one of our greatest prob- 


lems in evaluating industria! injuries 


Some Uses of Fascia Lata in Orthepaedic Surgery. Dr. J. Urvine Tur. *. who uses fascia lata as a suture 
material and as a tendon or ligament substitute presented case studies illustrating these uses and emphasized 
that his results have been decidedly superior to his results achieved by other methods. Emphasis was placed 
on: (1) the need for gentleness in h indling the fascia, since necrosis occ urs at sites where the fascia is clamped 
(2) the high tensile strength of faseia; and (3) the survival of faseia when transplanted and its adherence to 
host tissues within a few days 

Case studies illustrating the utilization of fascia lata In & variety of orthopaedic problems included the 
following: 

1. Fascia lata used as a tendon substitute in cases of fotal radial-nerve paralysis. In one of the cases there 
Was « flaceid triceps paralysis; in its treatment the posterior half of the deltoid muscle insertion was mobilized 
and a fascia lata graft, in the form of a tube, was extended bet wes n the mobilized muscle and the triceps 
“poneurosis just proximal to the olecranon. At each end the fase it lata tube was flattened and woven into the 
deltoid muscle at the proximal end and into the trie ps aponeurosis distally. An abduction splint was used 
lor five weeks. The end result was excellent 

2. For rupture of the Achilles tendon. Because of the frayved-out character of the tendon at the site of 
rupture, the fascia lata was found to be more physiological and more effective for the r pair than other ma- 
terials. Two fascia lata Strips, one half ine h boy elght ine hes, were used us mattress sutures: a cast was em- 
ploved for only sixteen days: re habilitation was rapid 
4. Coracoclavicular slings to elevate a sagging capula. Several cases were described in which a fuscia lata 
sling was placed between the clavicle and the coracoid process, ele vating the scapula A tubs stripper Was 
used to remove a strip of fascia lata, ten inches long and three-fourths of an inch wide. All immobilization was 
discontinued at the end of three we eks tesults were excellent 

1. Repair after partial or total patellectomy. Two or three fascia lata strips were extended between the 
quadriceps aponeurosis and the patellar tendon, and the fascia lata strips were woven and imbricated at each 
end, Immobilization of only three weeks was necessary. When the proximal pole of the patella was preserved, 
the proximal ends of the fascia lata strips were anchored into two vertical drill holes in the patella; in such 
cases rehabilitation was more rapid and more comple tr 

Dr. C. L. Lowman * in discussing Dr, Tuell’s paper stated that he believes fascia lata deserves a wider 
applieation in orthopaedic surgery than it now enjoys 

He emphasized the importance of tension stresses in eausing hy vertrophy of fascial straps. [t was pointed 
out that shesring stresses dam we fascial str COUSC Ob leading to rupture It is 
Lowman’s belief that the ere itron of a tube by the faseia lata transplant Is unnecessary, the flat transplant 


being more effective 


A Splint for Use in Congenital Dislocation of the Hip or Dysplasia of the Hip. Dr. Freverte Inrenp 
in his presentation of an abduetion splint for the treatment of congenital dislocation of the hip, emphasized 
the importance of early diagnosis and the advantages of a simple, inexpensive method of treatment. For use 
In infancy and early Childhood the author dese ribed a splint Which has two thigh bands connected with ain 
adjustable cross bar by a universal joint, locked in place with a hexagonal wrench which the surgeon retains 
The thigh bands, covered with washable cuffs. are connected with the cross bar by a right angle joint which 
has stops to illow motion through GO ce grees in order that the patient may sit or lie in comfort Such a splint 
permits the perineum to be free for diaper hygiene, allows motion of hips and knees, and is readily adjustable 
to hange san adduction spusm und to see ommodate growth. Its chief disadvantage Is Its failure to control 
rotation of the hay If such control is re quired, i hip spiea Cast is advised 

Dr. Hfeld reported the satisfactory use of this splint in twenty-eight patients of whom seven had had no 
other treatment: fourteen had first undergone closed reduction and plaster immobilization for seven to thir- 
teen weeks; one had had a Colonna operation; and six showed evidence of dysplasia of the acetabulum. 
In only one patient had the hip redislocated while in the splint; this patient required a second reduction and 
was immobilized in a cast for thre months. Other orthoy nedic surgeons have used this splint in filteen in- 
stances with satisfactory results. It is important to continue abduction exercises and to use the splint at 
night for one year or longer, until the acetabular index approaches normal 

In discussing Dr. Ifeld’s paper, Dr. Rienarp 8S. Dopce" spoke of the necessity for abduction treatment 


in the early st wes of dislor iteul hip The mechanienl ndvant wes of the splint are recognized, The most i- 
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portant thing, however, is ¢ arly diagnosis. The earlier the diagnosis is made the better the end result achieved 
‘To use this splint most effieaciously the diagnosis must be made under one vear of age 

In addition to the clinical methods for making diagnosis, It would be well to consider what type of people 
have congenital dislocations of the hip. It is prevalent in Northern Italy and Southern Austria. In Hawaii, a 
comparatively large series ol cases shows that there is some racial prevalence in congenital dislocation of the 
hip. In a series of 118 patients the racial backgr und was Japanese in eighty-nine, Hawaiian and part-Ha- 
Waiian in practically none, Portuguese and I ilipino and others in a very small percentage The percentage be 
tween sexes was S4 per cent. male and 16 per cent. lem ile. Poliomyelitis and congenital club-foot were also 
prevalent in proportion to various races 

Some research into the pre valence of congenital deformities as related to where the people live, what 


they do. and what their race is would be worth while 


Conservative Approach in Treatment of Fracture of the Os Caleis. Dr. Leoxarp Barnarp ® and Dr 
Joun K. OprGarp @ following a discussion ol the methods use do and the difficulties enc ountered in the treat- 
ment ol lractures ol the os enlets Propose da conservative ror h. Ky this me thod a cast is at onee applied 
from toes to below the knee in the equinus position with a large pad of sponge rubber about the heel and a 
walking rubber heel fixed to the cast tar lorw id at the level of the metatarsal heads. The patient Is en- 
couraged to bear as muc h weight as possible The east is removed after six weeks and the heel of the shoe is 
raed one and one half inches: it ts yradu illy lowered during the succeeding six to eight weeks. Tf marked 
swelling has already occurred, a preliminary pe riod of elevation is required before the application of the cast 

Thirteen private poate nts have been so treated, of whom. nine have been followed for more than one 
vear, The average ju riod of disability was twe Ive weeks and all but one returned to his regular occupation 
The authors feel that with such a method of treatment subtalar arthrodesis will rarely be required 

Dr. Curisrorner Mason “, in discussing this paper, agreed with Dr. Barnard that plantar flexion of 
the foot is hihi desirable He also fee Is that pron ition or valgus of the heel ts cle sirable in the more severe 
squash fractures when the medial sustentaculum tall portion has been split off and pushed down, in order 
that it may be pulled hack upon the side of the heel. If this is done then, when the patient begins to walk, 
the sustentaculum will again be able to support the arch at a normal le vel when the heel rotates back to a 
normal position and the same time, any remaining bone h might beneath the lateral malle- 
olus will tend to rotate away trom this pout This could hardly become re attached in less than two months 
for full weight-bearing 

The contention of Cotton that we must, so lar as possible Clean the bone from beneath the lateral 
malleolus, advocated as early as 1903, is still valid, and the incorporation of te It rolls as advocated by Her- 
mann is often quite useful in maintaining this The salient angle appears not to be too important clinically 

The weakening of the gastrocnemius spoke n of by Dr. Barnard is caused by inability to use the muscle 
beenuse of lateral submatleolatr pain Putting the foot in polearn tsar flexion and eversion and at the same time 


pushing the bone back and restormg the submatleolar yroove will help to avoid this pean 


Vew Technique for Repair of Torn Collateral Ligaments of the Knee Dr. Joun R. Buack * deseribed a 
modifieation of the Mauck operation for the repair of the collateral ligaments of the knee. This technique 
consists in the upward transplantation of the femoral insertion rather than the downward shifting of the 


tiloisal hment ot the tibial collate ral ligament Inn similar fashion, relaxed collateral ligament 


mav be tightened by the upw ird transplantation of a bone fl up) ine luding its femoral insertion. A cast is worn 
for seven weeks postoperatively, and after that a brace. Two cases were reported in which this operation had 
been used with satisfactory results 

Discussing Dr. Black’s paper, Dr. Harotp Crows pointed out the difficulties of accomplishing the 
ideal in knee-jomnt re pairs, even by masters In orthopaedic s. He stre ssed the portance of the “cure” being 
helped by the patient building up his quadriceps power 

Dr. Don O’Donocuve “ stressed the importance of seeme ligamentous knee injuries immediately if an 
accurate diagnosis is to be made. In his opinion, Dr. Black, by this technique, is not restoring the ligament 
but substituting a fascia lata strip which under intermittent pull and relaxation will hypertroy hy and be- 
come te harneter The root of its efficiency can only be determined after many vears ol careful 


follow up of the patients opel ited upon by this method 


Osteotomy of the ervicothoracie Spine Dr. CHRISTOPHER \. Mason and Dr. Lewis Cozen'! reported 
a case in which an osteotomy was done through the first thoracie vertebra to correct the extreme flexion 


(Continued on page 79S) 


29039 Summit Street, Oakland, California 
9065 Wilshire Boulevard, Los Angeles, California 
Wilshire Boulevard Leos Angeles 5, Calittornis 
South Westlake Avenue, Los Angeles, California 
6 Northwest Tenth and Lee Streets, Oklahoma City 2, Oklahoma 
72007 Wilshire Boule vard. Los Angeles, California 


rie JOURNAL OF BONE AND JOINT Bt RGERY 


WILLIAM WARD PLUMMER 


(1877-1953) 


Modern orthopaedic surgery lost one of its strongest proponents when William) Ward Plummer died, 
February 16, 1953. His seventy-five years had been well spent, but he paid no heed to them: be died a young 
man, regardless of his time of life. He was young in spirit, young in venture, and young in enthusiasia. He 
died disgusted with his physical infirmities, because they interfered with his mental activities 

Dr. Plummer’s activities in the orthopaedic field had spanned the era of almost non-surgical conserva- 
tism to that of the aggressive, brilliant accomplishments of the modern orthopaedic surgeon His ability 
was ree ognized by his membership in the leading orthopaedic societies in the country and in his executive 
positions in them. He was a student and a teacher, occupy ing the Professorship of ¢ rthopaedic Surgery in his 
Alma Mate: “he University of Buffalo, for nearly twenty-five years. His counsel was widely sought and bis 
opinion Was highly regarded Numbered among his friends both in his personal and professional life was a 
None 
could be more appres iative of the strength or more understanding of the weakness in men than he. Alv “ys 


kind, understanding, and helpful, he was at all times a gentleman 
He served in World War I and during World War IT he was called as a civilian consultant. There was 


noticeable number of young men. They constantly sought and accepted his counsel and guidance 
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708 WILLIAM WARD PLUMMER 


no activity in his career which he enjoyed as much as this assignment. He continued in this capacity with 
great sacrifice to his practice and to his health 

Dr. Plummer’s contributions to orthopaedic surgery were largely in his teaching and his care of pa 
tients. He was not a prolific writer, but the value of his writings was in their merit rather than volume. He 
is missed by a host of friends. 

“Say not with grief he is no more,’ but rather say with gratitude, “he was”. 


PROCEEDINGS 


(Continued from page 796) 


deformity of an ankylosed cervical spine in a man, forty-two years of age Skull traction was used for two 
weeks postoperative lv. followed by a pl ister jacke t from head to pelvis for four weeks, sueceeded by « cet 
vieal brace with head band, which was still being worn when the patient was last observed one year after the 
operation The only complication was a transient larynge al pals) 

In his discussion, Dr. Paut E. McMasrer® stated that this ease probably represents the first cervico- 
thoracic osteotomy to be performed in the United States; lumbar osteotomies have been performed a number 
of times. He believes the lack of neurological complications following surgery in this case was due to the wide 


area of the laminectomy performed prior to the osteotomy 


An Operation to Increase the Relative Length of Short above-the-Elbow Stumps. Dr, Ropert Mazer, Jr. In 
order to le ngthe na short above-the-elbow amputation stump sufliciently to pe rmit the fitting of a prost he SIs, 
Dr. Mazet had incised the distal half of the tendon of the pector ilis major near its Insertion and had folded 
this half over its proximal! half. In two instances he gained one ine h and one and a quarter inches res per tivels 


in length of stump and thus mace possible the use of the conventional prosthe SIs 


Tendon Transplantation in the Forearm and Hand. Dr. Wacrer C. GRAHAM® gave a com wrehensive re 
/ | 
ts and the wrist so that the hand can he 


view of the various possibilities of mobilizing or stabilizing the dig 
made more useful following disease or myjury 

In considering the procedures to be carried out, the surgeon must determine the exact extent and degree 
of involvement of the muscles and jomts and must evaluate the available muscles for transplant ition, The 
arthrodesis of a joint suc h as the wrist may enhance the possibilitie s of reconstruction by rendering iVvailable 
the muscles which control this joint. The second method of increasing the usefulness ol available muscles ts 
that of tenodesing the tendons of the paralyzed muscle to bone structures or intermuscular septa, An ex- 
ample is the fixation of the flexors of the fingers proxim il to the wrist into the radius so that the normal ex- 
tension of the wrist closes the fingers automatically 

The various types of tendon transplantation for improving the function of the fingers and thumb were 
discussed at length. A tabulation was presented of the muscles which could best be employed in substitution 


for the commonly tlyzed or injured ust les 


48.9730 Wilshire Boulevard, Los Angeles, California 


LETTER TO THE EDITOR 


Ma I add that I have read with great interest the excellent artu le on the National Health Service by 
Dr. Stewart Vol. 35-A, pp 245-251 Januar 1053 A few comments occurred to me as I studied it, for I 
am a family doctor in the Service. | do not know of any regulation forbidding me to treat certain eases, and 
requiring me to send them to hospital (p. 247). [amir quired to do what seems to me best for each patient 
I have sometimes to advise specialist care in hospital of course. If [ believe this is not in the best interest of 
the patient however, | must idvise against it, and can under the Service obtain specialist, laboratory, and/or 
rachologi al he Ip if need be, in his home 
I do not share Dr. Brown’s views on Yorkshire. Perhaps this is because I've lived here ill my’ life 
or nearly ill, for I spent two vears in Cleveland, Ohio, for vhich T remain very grate ful to the Rockefeller 
Foundation 
Dr. George Johnson 
30th April 1953 57 Kast Parade 
Harrogate, England 
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News Notes 


The deadline for the receipt of applications for the 1954 Part IL examinations of The American Board 
of Orthopaedic Surgery is August 15, 1953. Applications should be sent to the Seeretary, Dr. Harold A. 
Sofield, 122 S. Michigan Avenue, Chicago, Illinois 


Dr. Fremont A. Chandler delivered the Sir Robert Jones Lecture at the H pital for Joint Diseases, 
New York City, on Wednesday, April 29. His subject was ““Muscular Torticollis”. 


The Alabama Orthopaedic Society was organized on April 17, 1952, and the following officers were 
elected 

President: Dr. Paul Shannon, Birmingham, Alabama. 

Vice-President: Dr. T. J. Bender, Birmingham, Alabama 

Secrelary-Treasurer: Dr. D. G. Vesely, Birmingham. Alabama. 

The First Annual Meeting was held at the Thomas-Jefferson Hotel, April 15, 1953, in conjunetion with 
the annual meeting of the Medical Association of Alabama. 


\ prize of $1,000, donated by the Kappa Delta Sorority, may be awarded annually by The American 
Academy of Orthopaedic Surgeons for the best research related to orthopaedic surgery and performed by 
an American citizen in the United States 

The selection will be made from publications after January 1, 1951, or research presented to the Com- 
mittee on Scientific Investigation of The American Academy of Orthopaedic Surgeons before November | 
1953. 


fesearchers interested im ¢ ompeting tor the award are requested to secure further information from Dr. 
John J. Fahe vy, I7OL West Howard Street. Chir io 26, Illinois, Chairman of the Committee on Scientific 
Investigation of The American Academy of Orthopaedic Surgeons. 


TRANSPLANTATION BULLETIN 


An effort is be Ing made to increase the exe hange of information between clinical and laboratory investi- 
gators working in the field of tissue transplantation. The United States Publie Health Service sponsored 
u conterence in October 1952 at Harriman. New York, where workers n plastic surgery, cancer, Zoology P and 
other fields discussed common problems in tissue transplantation. In March 1053. the Ciba Foundation 
sponsored another conference in London on the “Pre servation of Normal Tissues for Transplantation” At 
both conferences it was felt that some means should exist for continuing to exchange information on an in- 
formal basis among clinical and laboratory investigators interested in the field. and so it is proposed to issue 
quarterly the Transplantation Bulletin to serve the following functions: 

I. It will maintain, and publish at least once yearly, a Transplantation Registry which will list all prac- 
lising physicians and research workers, both in the United States and abroad, interested in transplantation 
problems. The Registry will cover the fields of plastic surgery, endocrinology, cancer, genetics, immunology, 
and eXpe rimental morphology 

2. The Bulletin will provide a medium for a rapid and informal exchange of information on problems 
and progress in the clinies and laboratories both here and abroad. [t is emphasized that the Bulletin will not 
publish formal papers. However, brief comments on unreported data will be welcomed 

3. It will, through a staff of Corresponding Editors, attempt to keep all members of the Transplanta- 
tion Registry informed of forthcoming meetings of the professional societies, at. which there will be presenta- 
tions dealing with any aspects of transplantation. It will also try, through its ( ‘orresponding Editors, to have 
the subjects covered in a coordinated fashion at the mec tings. 

t. It will maintain a bibliography in the fields covered 

The Transplantation Bulletin invites anyone in the field of medicine or biology who is interested in tissue 
transplantation to submit his name and field of interest toh. J. Bichwald, M.D., University of Utah College 
of Medicine, Salt Lake City, Utah. A subscription fee of $3.00, to cover expenses of printing the Bulletin and 
maintenance of the Registry and bibliography, will be payable after the first issue of the Bulletin has appeared. 
The first issue is expected to appear in August 1953. 
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Book Reviews 


Human Locomorion AND Bopy Fors, A Study of Gravity and Man. Dudley J. Morton ML.D., with collabora- 

tion of Dudley Dean Fuller. Baltimore, The Williams and Wilkins Co., 1952. $5.00 

The authors’ avowed purpose is to present the thesis that gravity has been a major designing agent in 
the physieal structure of man, particularly of the foot. The book ts divided into two parts. The first presents 
the underlying principles of adaptation; the second, an an ilysis of the walking stride 

In the former the author traces the evolution of man with parti ular reference to the deve loy ment of his 
locomotor apparatus. In his discussion of genetics he produces a rather convincing argument for the inherti- 
tance of a quired characteristics. [le then reviews the mechanical inalvsis of the human foot as a weight- 
bearing organ which he has published previously, and con ludes this part by reaffirming his concept of the 
etiology of many ol the common mechan al disorders of the toot He attributes these to shortness or hy per- 
mobility of the first metatarsal He also suggests that posteriorly located sesamoid bones, esp cially in women, 
mav be an etiological factor as well In this connection he offers a rebuttal to the cone lusions concerning these 
abnormalities which were presented by R. 1. Harris and Thomas Beath in the Canadian Army Foot Survey 

The second part commences with a detailed, mechanical analysis ot the walking stride written with the 
assistance of Prof. Fuller of the Department of Mechanical Engineering of Columbia University. Evidence 
is then produced trom metaboli studies that the force of gravity contributes a substantial amount of the 
energy required for walking on the level. This is maximum at a certain w king speed, diminishing as this 
speed is increased or reduced Similarly, muscle physiology is considered as it is re lated to locomotion. The 
elastic property of musele is emphasized, showing that the presence ol this in the gastroenemius soleus group 
serves to minimize the energy requirement during locomotion. In the final ¢ hapter the evolution of man Is 
reconsidered, mans deve looponnne nt bemg traced from arboreal anthropoid stock. The author pots out that 
man alone is an erect terrestrial biped. The semi-erect position of the anthropoid apes is a reversion to 
quadrupedism and not a pliase in man's ¢ volution. With the upper extremities freed trom serious gravitia- 
tional stresses. these structures became adapted to prehensile funetion and. following this, cranial enlarge- 
ment occurred as the result of the development of the central nervous system This latter development oc- 
curred only after our prehuman forbears had adopted bipedism and begun to use the upper extremities for 
purposes other than locomotion, [t is thus that gravity has exerted a profound influence on the development 
of man as a whole is well as on the form and function of the feet and lower extremities 

Phe book, presenting as it does a functional rather than the usual morphological analysis, and cor- 


relating this with comparative vertebrate anatomy, is most interesting ind well worth reading. The analysis 


of gait is difficult reading for one not mathematically inclined, but this part ol the presentation is kept at a 


minimum. The book can be recommended highly 


MepicaAL Disoxpers oF THE Locomoror System INCLUDING THE Ruecumatic Diseases. Ed. 2. Ernest 
Fleteher, M.A., M.D. (Cantab Baltimore, The Williams and Wilkins Co., 1951. 811.00 
Under this title the author has included medical disorders of bones, joints, and muscles, as well as of the 


peripheral nerves and blood vessels. A large part of the text is devoted to the rheumatic diseases, In many ol 


which pathological alterations are generally distributed rather than limited to the locomotor system. To this 


second edition. which is nearly half again as lengthy as the first, chapters have been added on pain, the 


anatomy and physiology of lore, the neuropathies the collagen diseases psychiatric aspects of locomotor 


disorders, and cortisone and ACTH. Many of the remaiming chapters show evidence of revision, with the 


inclusion of addition il material In spite ol the increased length ot the book, a number of subjects, chiefly 


among the rheumatic diseases, are not adequately covered. Under therapy, outmoded or dubious methods 
are still mentioned without the erty il ‘upper tisal which would be of assistance to the inexperienced reader, 


and the date ol ition unlortunate precluded up-to date consideration of the uses ol cortisone and 


ACTH. Although the volume contains a wealth of helpful information, it can be recommended only as a 


supplement to more definitive texts 


Tue Srory OF THE ADAPTATION SYNDROME Hans Selve. M.D... Ph.D. (Prague), D.Se.(MeGill), 


(Canada Montreal, Acta, Ine 


Prot. Ive, in this book, Hits his concept of the adaptation svndrome in 4 fashion which 


should please the reader whose medical interests are genet il rather than special or technical. The origin ot 


the syndrome makes interesting reading for anyone who likes to know how things came to be; those struggling 


with an obstinate research problem will be interested to know that the discovery of the syndrome can be 
traced back to an accidental observation made in the course of experiments inspired by a faulty theory, as 


the author admits with embarrassment 
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The author's much larger and previously published work, Stress, contained source material of value 
to the research worker; this smaller book will appeal to those who wish a comprehensive summary of this 
new concept of disease, and medical students should find it very informative. This newer and smaller book 
presents some changes in terminology: in Stress* Dr. Selye used the terms mineralo-eorticoid (M-C and 
gluco-corticoid (G-C), terms based on biochemical effects. As studies of these two groups progressed, it be- 
came clear that some gluco-corticoids (for example, cortisone) had sodium-retaining properties in certain 
dosages and, therefore, shared in the chemical effects of the mineralo-corticoids such as desoxycorticosterone 
The author has now, therefore, adopted terminology which stresses the physiological effects rather than the 
chemical, and instead of the term “gluco-corticoid’” he uses “antiphlogistic corticoid”’ (A-C) and for “min 
eralo-corticoid”” he uses rophlogistic corticoid”’ (P-C). Certainly the demarcation between an agent in 
hibiting inflammatory response and one fac ilitating or exaggerating such a response would seem to be sharp, 
and the change should both clarify out thinking and be more in keeping with the facts. 

The illustrations are simple and clear, the stvle is that of the informal lecture. The book will probably 
prove to be the most readable and most popular of all the author's published works 


ORTHOPADISCHE SCHUHE UND ZUR BEHANDLUNG VON FEHLERN DER FiUsse UNp Brine. 

Dr. med. Carl R. HE. Rabl. Stuttgart, Ferdinand Enke Verlag, 1951. DM 16 

This book on orthopaedic shoes and arch supports was written not only for the benefit of physicians 
interested in orthopaedic anomalies and diseases of the foot, but also for orthopaedic shoemakers. The first 
and second « hiapte rs deal essentially with the te chnique of makir yg the orthopaedic shoe, as well as with the 
various types of shoes made for normal and abnormal feet. The third « hapter deals with the various abnormal 
positions of the loot, as well as with their correction by proper plates or shoes The fourth chapter discusses 
anomalies of the heel and their corres tions. The fifth and sixth chapt. rs discuss the various diseases of the 
metatarsal arch and the toes. The seve nth chapter discusses the correction of pes equinus The chapters 
from the eighth to the thirteenth deal with various diseases of the legs which lead to abnormalities in the 
position or tunetion of the fer t, as well as their correction by proper shoei gor the fitting ol orthopaedic 
appliances In a final chapter, the use of shoes for various types of amputation of the foot is discussed 

In an appendix, the author outlines special rules for the need of orthopaedic shoes, so that they will not 
be unnecessarily ordered. He includes a simple outline of anatomical terms for use by the orthopaedic shoe- 
maker 

The book is written in highly technical te rms, but it contains valuable information for both the ortho- 
paedic surgeon and the manufacturer of special shoes. It is accompanied by simple and well executed draw- 
ings. It should be of value to those who ean read German easily 


OrtHorabiscne Trcunik. Bandagen und Apparate, ihre Anzeige und ihr Bau. Prof. Dr Georg Hohmann, 
Stuttgart, Ferdinand kinke Ve rlag, 1951. DM 23 
This is the third edition of a short book on orthopaedic technique Which was originally published in 
MMI. The author discusses in simple and easily understood terms the various technical appliances used by 
orthopaedic patients. The greater part of the book is devoted to the postoperative use of appliances in Ger- 
many. These are essentially simple and inexpensive. There is a chapter dealing with artificial limbs. This is 


somew hat Inadequate, because of lack 


x ol experience with the newer light-weight materials. The suetion- 
socket prosthesis has not been thoroughly consid red. Many of the devices recommended in this book have 
been improved upon in this country, but the author is correct in describing the methods whieh are available 
In Germany 

It is of interest that the book does not contain any reference to the conservative or postoperative treat 
ment of the herniated intervertebral dise This book is not recommended for universal use because of these 
omissions, but it would be of great interest to those who are interested in the tec hnical appliances used by an 


excellent orthopaedic surgeon 


ARCHITECTURAL PrincipLes iN Md. 2. H. A. Brittain, O.B.E.. M-A.. MCh Edin- 

burgh, ko & S Livingstone, 42 shillings: Baltimore, The W iliams & Wilkins Co., 1952. $8.00 

The second edition of this well known little book has been almost completely rewritten, and it has been 
enlarged from 126 to 193 text pages. The author, as a result of inere asing experionce, has modified some of 
the techniques previously described and he has added new chapters as well 

In the first edition, he reported that he had used his so-called V-arthrodesis of the hip, which employs 
a Smith-Petersen nail and graft, on only one patient This technique is now deseribed ina separate chapter 
and the results are given of forty-two operations on forty patients There are also sections de voted to arthro- 
desis of the sy mphysis pubis and of the « arpometacarpal joint of the thumb, as well asa chapter on the Naugh- 
ton Dunn Operation tor stabilization of the foot 

The book is profusely illustrated in black and white and in color There are also many reproductions of 


x-rays from illustrative cases 


* Reviewed in this Journal, Vol. 33- A, No. 3, p. SIS, July 1951 
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rrors, including repetition of one 


Although this edition 18 some vhat marred by t pographical th 


entire sentence on JSS, if is recommended high! to orthopacdy surgeons In clear and Concise fashion 


tions of this type of surgery, based on the author's w ile 


if gives both the theoretical and technical considera 


rienes 


\ason, \l \ Ph (Med =.) and Walter AY wddock, 


CALLANDER’S Sunaican Anavomy, Ed. 3. Barry J 
M.D., F.A.C.S PI \ BB. Saunders Co., 1952. 
The third edition of Cal ander’s Surqiea fnalomy was re vised on the principle, in 
etained, and that fundamental features, not 


the words of its 


editors, that the ormwinal pattern of prese ntation should bes 
dl, procedure may quit kly beeome obsolescent, 


detailed surgical te hnique, should be stresse 


whereas structure remains unchanged 


the late Dr. Callander’s plans for revision, the authors have 


Working apparently without indication of 
selection of illustrations used in the previous editions and added many new 


illustrations 


made a earetul 


The order of chapters ts the usual one of description hy systems. As in previous editions, the hook confines 
itself to a general discussion of ¢ wh of the various keletal disorders Hlowever, brief paragraphs on diagnosti 
signs and mptoms in the more commeot orthopaedic lesions are ineluded, and there ts in excellent balance 


between il material and anatomic considerations 


For the surgiesl intern or resident, as we Il as for the general practitioner, Callander’s Surgical Anatomy 


has always been an indispens ible work. This edition, with its thorough revision of chapters by the various 


contributing specialists, will again be a needed addition to their libraries 


MANIFESTATIONS OF Bone Their Practi Importance. Snapper, M.D., 


Ph.D. Springfield, [linois, Charles ¢ Phomas, 1052. 83.00 
Rare Manifestations of Metabolic Bone Disease, published in The American Lecture Series, is & printing 


Benumont Lecture delivered before the Wayne County Medien! Society on 


of the Twenty-ninth Annual 


February 6, 1050 


begins hus lecture with sum ible sand comes 


discussion of osteogenesis, calcium metab 


f metabolism and diseases of the skeletor In the latter section of the introduction 


olism, and disturbances o 
he discusses briefly the different disenses of the skeleton closely conne 
ire encountered in which the bone lesions, even 


ected w ith changes of me tubolism and 


save, in summary, “It is emphasized that clinical syndromes 


if present, remain in the b yround, Whereas the metabolic changes are i the foreground. These relatively 


eat practs 


iy 


rare manifestations of metabolre bone disense are ol gi 


The body of the lecture, in three sections, Is devoted to illustrating the practi il diagnostic and thera- 


The first section is devoted to hype rparathyroidism, 


peutic aspects of metal olie disturbances of the skeleton 


the discussion of whieh begins with certain historn il and elinieal remarks and continues with ease histories 


ind its treatment, gained trom the histories 


of the disorder and observations on the course of the cdisense 


in two sections the third seetion 


The second part, dealing with multiple mycloni, Is presented similarl 
| 


deals with hyperealesemia, hypophosphataemia, and in diseases other than hyperparathy 


iusen's disense, Page t's diseuse, osteom and 


roidism. Here are discussed such diseases as von Receklingh 


rickets, and lpoid granuloma of bone 
The bool vell printed, excellently though not abundantly illustrated, bound in durable leather 


t weleome addition to the libraries of men who 


ette coming from such a master of the subject, will be a mos 


are interested in disenses and disorders of the keletal svstem 


Der BEIM NEUGEBORENEN Helmut WKastendieck. Zwanglose Abhagdlungen sul 


der Frauenheilkunde, Band 12. Leipzig, Georg Thieme, 1952. DM 7 


dem Crobiete 


Written from the point of view of obstetrics and forming part of a series of publications in the field of 


st to the orthopacdi surgeon The emphasis Is 


less be of mtere 


gynecology, this monograph will neverthe 


md an attempt is mide to correlate the meidence ol breech presentations with 


chiefly on etiology, 


tortieollis 


From a discussion of the pathogenesis ol scoliosis capitis 


und faciei, which is explained entirely in terms 


proceeds to analyze the etiology of torticollis (caput obstipum muscu- 


of the position of the loetus, the author 
lare). He sides with those who claim that hereditary Lactors pls onl 


so tar the tendency to breech deliveries mit be rited) and that the wtual 


in indirect part in the mechanism of 


this condition (that ts, 


factors 


produc tion of this condition is due entire ly to intra-uterine 
it birth are divided into potential, mneipient, ind complete. The 


The types ol torticollis encountered 


discussion of treatment is limited to non-operative therapy. A plea is made for postponing all operative 
treatment until the end ol the first eur, as the sutheor believes that only a third of the cases ol torticollis 


after a vear. A padded splint is ndvised tor cases ob rmeiprent torticollis 


diagnosed at birth persist 


the ever-growing literature on congenital and neonatal 


The book 1s recommended as an addition te 


deformities 
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INJURY OF THE XiPHOIW, Michael Burman and Samuel Io. Sinberg. New York, Columbia I niversity Press, 
1952. $3.50 


The authors have pres¢ nted from their own practice this study of be tween seventy-five and 100 cases 


al disease of the xiphoid 


From their research they find that a similar study has not been made since medieval times Historical 


samplings are made of medical writings as related to s\ mptoms suppesedly related to abnormalities of the 
xiphoid or of its absence 


The epigastric syndrome of pain and tenderness over the xiphoid is discussed. It is pointed out that the 
xiphoid is normally slightly tender to palpation 


The numerous ens reports presented represent the bulk of the monograph. The probable relationship 
of the patie nt’s « omplaints and a disorder of the xiphoid is inferred in each case Some patients have had relief 


ol symptoms by supportive strapping, binding, local heat and rest, ethyvlehloride freezing, and local infiltra- 
tion. Others have required local excision 


Direct to the xiphoid Is overed with 


reports. The traumatic factor of the steering- 


wheel injury is illustrated 


The monograph is ilhustr ited with rays, diagrammatic sketches, 


and photographs of pathological 


Specimens 


A comparison with coce 


Is and psvchoge nie taectors are briefly considered 
The authors point out the advisability of routineh 


suspecting and examining the xiphoid in epigastric 
disorders The Ve mphiasize that Open re duction or re moval of the Nip hon 


lis not routinely indieated, but rather 


Is It & measure of last resort 


THe AMERICAN ACADEMY OF OrTHOPAEDIC SURGEONS INsrrRUeTIONAL Course Leerures. Vol. TX Charles 
N. Pease, editor, Ann Arbor, J. W. Edwards, 1952. 810 70 
The 1952 Volume of these annual lectures, edited by Dr Charles N 1 “Se, 


maintains the format and 


general excellence of previous publications. It is somewhat longer than many 


of the earlier volumes and con- 


tains 442 text pages. Several subjects are 


considered in detail, from two to five lectures dealing with each 
Tri luded are lec tures on spine Tusion, cerety il pralsy 


, the inatomy ot Joints, hand surgery, brace S, Chines ring 
principle S48 ap] lied to orthopaedic surgery, the she ulder, the ankle , and the foot 
sections are all authorities on their subjects and the | 


The contributors to ihese 


resentations attain a high degree of excellence through- 
out. OF particulir merit are the sections on engineering pring iples and splints and braces 


There isa time! ind excellent arti le 


WV Dr. Walter P. Blount on “Proximal Osteotomies of the Femur” 
is well as papers of particular interest on “Contact ¢ omy 


ression in Osteogenesis” by GW LN, | gers, on 
‘Disability Evaluation by Chester C. Sehine her, om the Orthopedic Aspects 


of Moyssthenin Gravis” 


and on the “History and Biography of Orthopaedic Surgery” by TH. Winnett Orr 


This volume can be recommended highly, and it deserves t place in the librers 


of all dic SUP 


Post-GRADUATE LECTURES ON OrrHopEepic Vol. IV. Arthur Steindler, MLD 


Springhye ld, Plinois, ¢ harles ¢ Thomas 1952. 80.75 


This is the fourth and final volume in this series of outstanding orthopaedic lectures. Students of or 


thopaedie surgery are deep in Dr. Steindler’s debt for making his 


lectures available to them. As mentioned in 


reviews of the previous three volumes, these lectures: r present material which this master teacher has pre 7 
sented to his many students during s distinguished career as a leeturer surgeon, and investigator 

This work Is presented in two seetions Section A on irthritis and diseases of muscles, bursae tendons, oe 
and faseia ind Seetion Soon defierenes ind degenerntive diseases of the 


low omotor system 


Section A deals comprehensively with rheumatoid arthritis 


ind osteo arthritis \s might be expected, 
the best leeture in this section is on the fundamentals of orthopaedic tre 


tment. Also included in Section A 
uthritis, svphilis, Dupuytren’s cont: reture 


ire good discussions ol yout 


diseases of tendons and 


bursse and the muscular cy strophies anid itrophies 


In Section in tin discussion of the 


Vitamunoses, the vitamin-D-deficieney states are presented in con- 
siderable detail Paget's disense ind osteoporosis are described as ire 


so localized and generalized fibrosing 
osteitis. The lipoid dystrophies are discussed in an important lecture as 


ire the entities which have avascular 
presents a spe ndid dese nption ol the arthropathies 


necrosis as their basis. The final leeturs 


In Volume IV as in the other three volumes, the student is trught to diagnose and analyze the case at 
hand. He then possesses a knowledge whicl 


renables him to plan accurately a program of therapy. Only basic 
considerations of the rapy are included in these volumes 


Students of orthopaedic surgery, young and old. will profit by 


having this fine series of lectures close at 


hand 


SoME PRINCIPLES Or HAND SURGERY. John J ievrne, M.C. Boston. privately printed 


Some Prine iple of Hand Surgery is a twenty 


“one-page, paper-bound manual which covers in one or more 
sentences almost any condition or situation which ean occur in 


a hand. [t is obvious from its total length that 
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BOOK REVIEWS 


conditions are described in great brevity although often with a useful reference The tee hinicque 


is mentioned but hardly in sufficient detail to prove use ful. Some ninety different conditions are cove red in 
different paragraphs in eighteen pages and then there are two pages of references With this amount of ma- 


terial packed into a small space, It seems surprising that an entire page should be devoted to the use of gal- 


vanie current. which must indeed play a relatively small part in the diseases and injuries of the hand. No al 
ternatives to the specified therapies are mentioned and the general tone is arbitrary 

Perhaps the best use for such a manual would be as an outline to a series of lectures, given to students 
inn the pl ice of lecture notes The reviewet feels that it re presents the most complete outline ot hand conditions 


ind injuries which has ever been compiled in so sm ill a space 


PRracrice or THE Laney By Members of the Staff of Lahey Clinie, Boston. Philadelphia 
W. Saunders Co., 1951 $15.00 
In this volume the section ot imterest to re wlers ol this Journal COULALIES the following articles The 


Treatment of Primary Malignant Bone Tumors ol the Humerus, by G. Edmund Haggart; Cauda bequuina 


Tumors as a Cause of the Low-Back Syndrome, by James W Toumey, James L. Poppen, and Melvin T 
Hurlev: The Surgical Treatment of Fractures of the Lateral Tibial Condvle, by G. Edmund Haggart and 
Howard M. Clemmons; and The Management of Chronic Suppurative Osteorm elitis of the Femur, by G 
Edmund Haggart and Melvin T. Hurk Phe publication in one volume of the many exes lent papers by 


members of the Staff of this Clinie will be appreciated by many 


MANUAL OF MASSAGE AND Movements. Ed. 3. Edith M. Prosser, T VIM.G. Philadelphia, J.B. Lippincott 

$5.00 

The Third Edition of Massage and Movements reviews in briel a history of massage and exercise. [t first 
classifies then demonstrates the forms of m inipulations used in massage, giving the physiological effects upon 
the different systems of the various manipulations. Both the mechani il effects and the correet positions are 
demonstrated b mateh”’ figures. These are used throughout the 354 pages 

The normal ranges of motion of the different Joints are we Il deseribed in a systematic manner showing the 
relationship of range in the various classifications 

exercises for the joints are tabulated ind are demonstrated. A few useful suggestions for special bre ath 
Ing exercise ire ineluded 
re deseribed 


The vartous types ol spinal deformities ind the treatment tor correction : 


There is an appendix whieh includes some simple adjuncts to treatment with a few examples which 


should prove of practi i] value to the physiotherapist 
Included are sets of examination questions of the Chartered Society ol Physiotherapists which include 


questions for the blind physiotherapist 


R ror \ Useful Guide to Principles and Practice of ientifie Writing and 
IHustration. Edwin P. Jordan, and Willard C. Shepard. Philadelphia B. Saunders Company 
1952. $2.50 
Prepared for the withor with little or no experience in medi il writing, this book offers helpful suggest rons 

for the beginner. Many of the points made are worthy of consideration The emphasis on careful preparation 

ind multiple revision of the manuseript will be commer nded by all editors 

CDponritonis will differ about some ol the other recomune ndations made, sur has the form ot index to be used 
ind the addition of a summary for the obvious purpose of letting the res ler decide if he wishes to peruse the 
entire article. (Such a summary seems more than superfluous to the ¢ ireful reader who arrives at the end ot 
the article to find «a summary telling him what he has just read!) 

The section on illustrations will be of great he Ip to those preparing their first illustr ited papers. Some 
publishers would take exception to the idviee given about furnishing prints, five by seven ine hes, of roent 
genograms ind the statement that more detail is retained when the reduction ts made by the photographer 
than if made by the engraver. The Journal has found it necessary to refuse many such small prints of roent- 
genograms because so miu h detail has been lost, but has also found that excellent reproductions of bone 
lesions could be made trom direct contact prints from these same roentgenograms However, most ol the 
information given about the different types of illustrations 1s Vv tluable 
The chapter on “Statistics Employed Medical Papers” contains many worth-while features as do the 


appendices 
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when 
nutritional 
reinforcement 
necessary... 


Today, the concept of 
interrelationship in 
nutrition is widely 
recognized. For this 
reason, when special 
restrictive diets are 
prescribed, the physician 
will usually tend to 
supplement dietary 
intake with the most 
complete vitamin- 
mineral formulation 
available. “Clusivol”’ 
is an ideal preparation 
for such therapy. 


REDUCING DIETS 
DIABETIC DIETS 
GERIATRIC DIETS 
POSTOPERATIVE DIETS 
PEPTIC ULCER DIETS 
LOW SODIUM DIETS 
HEPATIC DISEASE DIETS 
RHEUMATIC FEVER DIETS 


2 “Clusivol” Capsules 
(average daily dosage) provide: 


Vitamin A (synthetic) 25,000 U.S.P. Units 
Vitamin D (irradiated 

ergosterol) 2,000 U.S.P. Units 
Vitamin C (ascorbic acid) 150.0 mg. 
Thiamine HCI (B,) 10.0 mg. 
Riboflavin (B.) 5.0 mg. 
Pyridoxine HCI (Bs) 1.0 mg. 
Panthenol, equivalent to 10.0 mg. 

of calcium pantothenate 
Vitamin By U.S.P. (crystalline) 2.0 mcg. 
Folic acid 2.0 mg. 
Nicotinamide 100.0 mg. 
Vitamin E (as mixed 

tocopherols natural) 10.0 mg. 
Inositol 30.0 mg. 
Choline—from choline bitartrate 30.0 mg. 
Biotin 0.1 mg. 
d-Methionine 20.0 mg. 
Cobalt—from cobalt sulfate 0.1 mg. 
Copper—from copper sulfate 1.0 mg. 
Fluorine—from calcium fluoride 0.025 mg. 
lron—from 4 gr. ferrous 

sulfate exsic. 76.2 mg. 
Calcium—from dicalcium 

phosphate 165.0 mg. 
Manganese—from manganous 

sulfate 1.0 mg. 
lodine—from potassium iodide 0.15 mg. 
Molybdenum—from sodium 

molybdate 0.2 mg 
Potassium—from potassium sulfate 5.0 mg 
Zinc—from zinc sulfate 1.2.) mg. 
Magnesium—from magnesium 

sulfate 6.0 mg. 
Phosphorus—from dicalcium 

phosphate 127.4 mg. 


Multiple 
vitamin-mineral 
supplement 


In answering advertisements, please mention The Jour: 


No. 293—Supplied in bottles of 100 and 1,000. 


Ayerst, McKenna & Harrison Limited 
New York, N. Y. + Montreal, Canada 
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Radiographs of the skull show- 
ing abnormality of frontal bone. 
For additional illustrations of 
this case, turn page. 


Radiography and photography tell the story 
| ; 


The illustrations on this page and the next show how radiography, 
photography, and photomicrography can be used to correlate the 
characteristics of lesions in their radiographic, clinical, pathologie, 
and other aspects. Such case records can be invaluable aids in 


diagnosis and for study, reference, and teaching. 


— — 
- 
: 


Post-mortem radiographs, color photographs, and photomicrograph of abnormality shown on preceding page. 


Kodak Blue Brand X-ray Film—always 
dependable, uniform——and Kodak x-ray 
processing chemicals meet the most ex- 
acting radiographic requirements. 

And there's a Kodak color film for every 
photographic need —Kodachrome Film 
for miniature and motion-picture cam- 
eras: Kodak Ektachrome Film and Kodak 
Ektacolor Film, Type B, for sheet-film 
cameras: Kodak Ektachrome Roll Film, 


Nos. 120 and 620. for roll-film cameras. 


Order x-ray products from your x-ray dealer, 
photographic products from your photographic dealer. 


EASTMAN KODAK COMPANY, Medical Division, ROCHESTER 4, N. ¥. 
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Kodak 


Original Kiintscher 
Cloverleaf Medullary Nails Orthopedic 


Built according to original Kuntscher design 

Nails are formed by drawing so there is no possibility of fracturing metal 
Made from SMo stainless steel 

Nails have large slot—can be extracted with practically any — extractor 
Greater strength resulting from true roundness of trefoil. 

Does not have a pointed cusp. 


Orthopedic Medullary Instruments 


Driver No. 420 


Medullary 
Nail Extractor 


Available through your Surgical Supply Dealer 
WRITE FOR OUR CATALOG 


Orthopedic EQUIPMENT CO. 


200 FORE WAYNE STREET BOURBON, INDIANA 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 
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Nail Set No. 422 


Us 


COLLISON 
| Surgically Klean 
Products 


COLLISON-KNOWLES 
PINS WITH 
SELF-TAPPING ‘POINT 


(Patented ) 


Shaft undercut 
to allow for ia 


impaction action 


* A process to prevent 
infection from foreign 
materials. Vital to surgeon 
and patient alike. 


See your dealer or write direct 


Che Collison Surgical Engineering Company 
Sole Manufacturer of 


COLLISON SURGICAL PRODUCTS 


3616 FALLS ROAD BALTIMORE 11, MARYLAND 
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In answering advertisements, please mention The Jeurnal of Bone and Joint Surgery. 
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HUMPTY DUMPTY SAT ON A WALL 

HUMPTY DUMPTY HAD A GREAT FALL, 

ALL ‘THE KING’S HORSES AND ALL THE KING’S MEN 

COULDN’T PUT HUMPTY DUMPTY ‘TOGETHER AGAIN. 
Because ....In That Day They Did Not Have 


MEDULLARY PIN 


MERIDIAN, MISSISSIPPY 


In answering advertisements, please mention T'he Journal of Bone and Joint Surgery. 
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“... It is your reviewer's conviction that this book will become a classic in its field and 
should be part of the library of every industrial, neuro, and orthopedic surgeon, and 
others who are called upon to treat surgical conditions of this all important organ.” 


Kaplan's 
Functional and Surgical 


a Anatomy of the Hand 


_ a book written for those concerned with the surgical restoration of the tunetion of 


Functional and Surgical Anatomy of the Hand meets the need for new, up-to-date 
material, both extensive and detailed, on the anatomy of the hand from the viewpoint 
of the surgeon concerned with restoring function, the anatomist interested in’ strue- 


tural details and the general anatomist interested in descriptions of anatomic variations. 


The surgical anatomy includes descriptions of approach to various parts, points of 
repair, possible errors, illustrative procedures and orientation in case of variations. 
Multiple dissections of human hands show the most frequent patterns of structure. 


Variations which occur are placed in definite groups to clearly define their importance. 
| | | 


\ particularly outstanding feature of this book is the great number of magnificent 
illustrations finely drawn from dissections made by the author. All are original — never 


hefore published! 


PLENCTIONAL AND SURGICAL ANAPOMY OF THE HAND is a practical, 
unified text that combines structural detail and precise function with the principles of 


suri al anatomy. Secure and examine yout copy now, 


288 Pages 132 Illustrations $10.00 


J. B. Lippincott Co, Rast Washington Square, Philadelphia, Penna. 
In Canada 2083 Guy Street, Montreal 


Please send me: Kaplan, Functional and Surgical Anatomy of the Hand 


Cash 


tddress Charge my 
Account 


| 
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| 


City Zone State 


Philadelphia + London « Montreal 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 
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NEW MOSBY BOOK! 


(ChERMAN'S 


Surgical athology 


Ackerman spans autopsy pathology and pathology of the living 
patient as no one else has done it. His book could be called 
Dynamic Living Pathology — for it covers fully the pathology of 


ACKERMAN is co-autho 


the living patient with which every doctor must be concerned. 


r of the most widely 


known and accepted book on Cancer with Dr. 


Juan A. 
qualified to present this 
His entire experience is 


His prime motive is to integrate 


aspects of disease with 


del Regato, and is particularly well 


book to the profession. 
in surgical pathology. 

clinical 
the gross and micro- 


scopic pathology. Naturally, his clinical expe- 
rience and background strengthen the book. 


Ile has organized the 


material so as to unify 


the outline and text and bibliography. His 
references have been chosen with care and are 


recent and reliable. 
900 illustrations 
a specihie 

Common diseases, 


been emphasized and 


the entire field of medic 
of the eye. 

For the 
included a 


hy 


The 


each one chosen to illustrate 


rather 


Name 


Address 


book contains over 


than rare, have 
the material embraces 
ine with the exception 


benefit of the Radiologist, he has 
considerable number of radiographs 


LAUREN V. 


Professor of Surgical Pathology and Pathology, 


Washington niversity 


0 =H 


ACKERMAN, 


with which to compare the gross and micro- 
scople patterns, 

For the Surgeon, there is tremendous empha- 
sis on gross pathology a feature in no other 
book. 

For the Pathologist who works in the hospital 
where he is concerned with living patients, he 
has many practical points much 
material preser ted in great detail. 

There is also a special section on Neuro- 
Pathology by Dr. David FE. Smith, and one on 
Skin Pathology by Dr. Zola K. Cooper, both 
contributors being Assistant Professors of 
Pathology and Surgical Pathology at Washing- 
ton University, St. Louis. 

SURGICAL PATHOLOGY is complete and 
accurate and due to the author's deep interest 
and wide experience in’ his subjeet, he has 
succeeded in doing a book that is up-to-date 
and in conformance with the highest standards. 


M.D., 


ssociate 


School of Medicine, St. 


Louis. 840 pages, over 900 illustrations. Price, $14.50 


The ¢. V. Mosby Company 
3207 Washington Boulevard, St. Louis 3. Missouri 


Ickerman’s SURGICAL PATHOLOGY 


Enelosed find check. 


Please send me: 


$14.50 


Charge my account. 


In answering advertisements, please mention The Journal of Bone 


and Joint Surgery. 
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THORNTON PLATES FLANGED NAILS 


for 
Treatment of Fractures of the Femur and Trochanter 


Grooved Cannulated Solid 
Nail Wail Nail 


& 


508 Rorer Avenue, S. W. 


Price Filler Machine & Mfg. Co. ROANOKE. VIRGINIA 
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makes replaceable bent blades 


BEAVER BENT BLADES permit better technique in deep opera- 
tions such as arthroplasty, semi-lunar cartilage and laminectomy. 

Also in hysterectomy, gall bladder and thorax. No. 14 (sharp all fy 
around), No 16 (sharp on one edge only), and No 18 (sharp 

on two edges with a safe point). ALL BEAVER BENT BLADES a 
are rigidly tested for strength before leaving the factory — they 4 
fit all BEAVER KNIFE HANDLES. 


RUDOLPH BEAVER 
WALTHAM 54, MASS., 


é SURGICAL KNIVES BY 


WHITEHALL Baths 


for gentle, safe, effective combined massage and heat therapy. 


The best method of heat application on extremities for hospital and office use. 
“\t is our clinical experience with over 3000 cases that this mode of treatment 
(whirlpool baths) gives the best therapeutic response.’’* 

The WHITEHALL ONE MOTOR mobile whirlpool bath unit is the first 


mobile unit in which the 2 operations of agitation and emptying are 


combined into one**—as compared with the cumbersome construction 
and operation of the ordinary “2 motor” mobile unit. 


The ADY*NTAGES of the WHITEHALL ONE MOTOR mobile unit are: 


© SIMPLIFIED CONSTRUCTION through elimination 
of troublesome “2 motor’ parts. 


* FASTER EMPTYING C4: 
= Mobile Model JO-10—Arm, 
Other features of WHITE- aiar” 'e9, hip and lumbar region 
HALL WHIRLPOOL BATHS 
are: High Pressure Jet, WHITEHALL ELECTRO MEDICAL COMPANY, INC. 
Double Action Pressure 19 Wall St. Passaic, N. J. 
Control Valve, Auto- Please send me catalogue with detailed de- 
Counter-Balancer. scription of full line of WHITEHALL Whirlpool 
Units, reprints and additional information 
Also available in station- 
ary models with many of Name 
these same features. 
Street 


Model JO-400 *Currence, J. D., N. Y. State 
WHITEHALL Hydromassage Whirl- J. of Med, 48:2044, 1948, City... 


pool Bath for Full Body Immersion **U. S. Patent No. 2555686 Zone State 
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The JEWETT BRACE TREATMENT OF COMPRESSION 
. FRACTURES OF THE SPINE 


and other cases requiring positive hyperextension 
such as Osteoporosis with Kyphosis, Adolescent : 
Epiphysitis and Marie Struempell’s Spondylitis. 


No. 1 — Reprint of “FRACTURE OF THE SPINE — NEW 
TREATMENT WITHOUT PLASTER CASTS.” 


(Eugene L. Jewett, M.D.—-Journal of International College of 
Surgeons, April 1950—Vol. 13, No. 4, pp. 407-414) 


No. 2 — Literature, measuring charts and instruction 


sheet. 
Upon Request 


Rigidly performs function of body hyperextension cast; locked on patient when adjusted 
to proper hyperextension; not removed for bathing or sleeping; adjustable to physical 


changes; light, clean, sanitary, durable, conducive to physiotherapy and return to light duties. 


FLORIDA BRACE CORPORATION formerly Blairs Braces Inc. 


BOX 1366, 1151 HARMON AVENUE + WINTER PARK, FLORIDA 


The ALBEE COLLAR 


@ Prolonged Support Where Rigid Brace Not Indicated 


@ CERVICAL MYO-RADICULAR SYNDROME 
@ SUBLUXATIONS @ ARTHRITIS 
@ TORTICOLLIS (POSTOPERATIVE) 

@ BRACHIAL PLEXUS INJURIES 


@ Post Brace Convalescence 


@ DISLOCATIONS @ FRACTURES 


v SOFT, DURABLE PLASTIC COVERED SURGICAL FELT 

¥ ADJUSTABLE DEGREES OF HYPEREXTENSION 

WASHABLE—NO ODORS 

v SIZED, FOUR TO THE SET 8-9-10-11 

v SUGGESTED RETAIL PATIENTS’ COST, $17.50 PLASTIC 
CLOTH COVERED, SLIGHTLY LESS EXPENSIVE 

v¥ PROFESSIONAL DISCOUNT ALLOWED TO COMPENSATE THE 
DOCTOR WHO PREFERS TO APPLY ANDJADJUST 

Vv ATTRACTIVE DEALERSHIPS AVAILABLE TO YOUR 
BRACE MAKER 

v SHIPPED DAY ORDER RECEIVED C.O.D. 


* 


Write for Brochure 


* MODEL AC-50 
roll OF SURGICAL & ORTHOPEDIC APPLIANCES 


913 Kuhl Avenue e Orlando, Florida 
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RTHOPED/IC 
E SURGICAL TABLE 


The D V Orthopedic and Surgical 
Table offers the very best in hip 
nailing techniques. The illustra 
tion here shows the ideal setup. 
The small X-Ray Tube is fas 
tened to the table with a special 
holder for the Lateral and the 
portable unit remains in fixed 
position for the A.P. view 

The Lateral Cassette Holder 
is swung into position for the 
Lateral film and out of the 
way when not in use. 

Write for a complete catalog 
showing this and many other 
techniques. 


GILBERT HYDE CHICK 
COMPANY 


Main Office and Factory 
821-75th Ave., Oakland 21, Colif. 


SAFER and QUICKER MENISCECTOMIES 


GROVER MENISCOTOME Features and Specifications : 


Hand forged of 440C stainiess steel, di and npered to 
rigid specifications ¢ 0 maintain @ keen cutting edge. 


The smooth rounded guard on the outer sur- chotructed vision 


face of the ring ond a keen knife edge on a7 . FIG 4 
the inner meorgin permits safe cutting in 
any direction. The cutting edge is entirely A Wf the sucgeon favors the intercondyler 
enclosed. approach to the posterior horn, the 
cartilage is freed until it con be dis- 
located inte the notch. The Menisco- 
FIG. 2 tome is then slipped over the cartilage 
in the same menner, pushed back over 
to the cutting edge. Sharpening, when nec- the 
essory, is easily done on the flat under side . 
of the blade using a flat oil stone. 


FIG. 5 


 @ Cave or Bosworth 
is quite simple and can be used | iY type incision is favored, 
throvgh any preferred incision. 4 2 We the instrument may be 
The anterior horn of the meniscus reinserted through the 

is first freed from its terminal tnd- 

sion and the posterior 
enterior attachment with @ scalpel hern freed by ¢ 
and is then slipped through the ~ : ing the Meniscotome 

ring of the Meniscotome with the around the meniscus to 

—— concavity of the ring toward the . its termine! attachment 
femoral condyles and the leading which is then severed 
gvord on the superior surface of in @ posterior-anterior 

the meniscus. direction. 


Comores 


fig 3 Anterior View 
Medial Seint Space » Fer purposes of ordering, please refer to the instrument shown as No. 128 


BowEN AND COMPANY, INC. 
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M & M COMFORT SLINGS 
Place weight of arm on shoulder instead 
of neck. No pins. No uncomfortable knots. 
No slipping. Both the S-101 open end 
and the S-103 closed end type are quickly 
and easily adjusted to either right or left 
arm. Recommended for fractures, disloca 
tions, strains, bursitis, lympedema, ete. 
See your local Distributor or write direct to 


MOORE & MOORE, Inc. 


1202 South 17th Avenue, Maywood, Ill. 


 — swing begins at the front of 
heel approximately at the astragalo-scaphoid joint 
instead of acting merely as a metatarsal abductor. 
Pressure is distributed and applied at three points: 
1. Laterally directed pressure over the medial 
border of the first metatarsal ... A LEVER. 
2. Laterally directed pressure over the medial 
margin of the os calcis ... A LEVER. 
3. Medially directed pressure directed opposite 
the calcaneo-cuboid joint .. . A FULCRUM. 
An elevation in the sole under the calcaneo- 
cuboid joint corrects so called “rocker foot’. 
THE TARSO PRONATOR SHOE SUPPLIED 
SINGLY. . . IN PAIRS .. . IN SPLIT PAIRS 
Write for descriptive folder and nearest dealer 


MAURICE J. MARKELL SHOE CO., INC. 


332 So. Broadway * Yonkers, N. Y. 


YOU CAN PRESCRIBE 


BACK SUPPORTS: 


WITH CONFIDENCE 


FOR MEN 


By working closely with the medical profession for 
over 60 years, Freeman has developed a complete 
line of surgical supports. From this line you can se- 
lect and prescribe with complete confidence in the 
suitability of each garment for its purpose, in the 
quality of its construction and in the comfort it will 
give the wearer. 

Freeman corset-type back supports are made in 
models which provide supportive and conservative 
measures in any required degree to almost complete 
immobilization. The great advantage of this type of 
garment is that if can be worn comfortably while sitting, 
standing or lying. In addition to correct design and 
fine construction, Freeman supports embody many 
improvements, to increase comfort and convenience 


In answering advertisements, please 


FOR WOMEN 
for the wearer. For example, linings and stay covers 
are cushioned for comfort. All side-laced back sup- 
ports have Freeman's exclusive self-smoothing, non- 
wrinkle fly. 

Mail coupon for details of Freeman quality fea- 
ture and free pocket-size reference catalog. 


FREEMAN MANUFACTURING COMPANY 
DEPT. 707, STURGIS, MICHIGAN 


Please send details on new Freeman features and in- 
clude free reference catalog. 


Name 
Address 
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NEW COMFORT AND CONVENIENCE! Designed for 
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At jj TH wk 
4 
a 
State 


THE UNITED LIMB AND BRACE CO., INC. 


61 HANOVER STREET BOSTON 13, MASSACHUSETTS 
Telephone: CApital 7-2183 


Manufacturers of 
Chtificial Limbsa 
& This shows how the 


Soft Back Rubber Cushion Socket 


conforms to the stump when the patient is sitting down 


PAT. NO. 2253040 


THE Only BONE SURGERY ENGINE 


With 
A Choice of Speeds 
FULL Power At ALL Speeds 


THE MUELLER ELECTRIC 
BONE SURGERY ENGINE 


For All Types of Bone Surgery — 
Operates Saws, Drills, Burs and Tre- 
phines — With Instant Stop and Go 
Control 


Adaptable to every operation, from delicate aural, to hold and control. The heavy-duty universal motor 
nasal and plastic procedures to cranial surgery andj, quiet, cannot be overloaded in normal use. No 
the heaviest orthopedic work, the Mueller Bone 
Surgery Engine operates cutting tmnstruments with 
facile efliciency and absolute minimum effort on the 
part of the operator. There is no heavy, clumsy device 


other modern unit so dependably lightens the actual 


labor of bone surgery. Reasonably priced, too. Write 


today for complete illustrated booklet. 


Instrument Makers To The Profession Since 1895 
330 SO. HONORE STREET 
Mucller & CHICAGO 12, ILLINOIS 


WILLIAMS 


LUMBO-SACRAL BRACE 


Measurements: 1. Chest (about 4’ below nipple line); 2. Waist (at navel 
line); 3. Pelvic (Ya distance between greater trochanter and crest of ilium); 
4. Seventh cervical spinous process to sacrococcygeal junction. 


Artificial Limbs Equipped with Mason Adjustable Sole-Leather Sockets 


ALL ORTHOPAEDIC APPLIANCES 


Orders filled at the request of members of the profession only 


MILLER BRACE CO. 
208 Medical Arts Bidg. 


Dallas, Texas 
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d Clarks promise freedom from 


all foot troubles caused by footwear, 
if from babyhood none but Clarks shoes 
are worn, fitted by Clarks Footgauge. 


Clarks back this promise with 128 years of 
shoe craftsmanship. They keep it by 
making children’s shoes which are 
based on the natural shape of a 

child's foot ...in different 

widths to each length 

size . . . fitted with 

scientific accuracy on a 

special Footgauge for 

length, for breadth 


and for girth. 


MADE BY C. & J. CLARK LIMITED 
(WHOLESALE ONLY), STREET, SOMERSET 


The New, IMPROVED 


HACK 


Toe-Out 


With 
Increased 
Abduction 


For your cases of simple metatarsus adductus. 
White or Brown; B, D EE Widths. 
Infants’ sizes OO through Children’s sizes | 3. 


HACK Shoe Company 


28 West Adams Ave., Detroit 26, Michigan 
Mail Orders Promptly Filled by Size or Weight-Bearing Outlines 


a COMPLETE LINE 
of 


EQUIPMENT FOR 


PHYSICAL MEDICINE 
and REHABILITATION 


ALL your needs supplied 
by ONE reliable source. 


REHABILITATION: Progressive Resist- 
ance Exercise | nits; Walking Parallel Bars 
and Exercise Staircases of various designs; 
Invalid Walkers; Posture Training Mirrors, 
single and triple; Stall Bars; Pulley Weights; 
Shoulder Wheels; Shoulder Ladder; Supi 
nator-Pronator; various types of Bicycle 
Exercisers; Restorator, a new device for 
active exercise of upper and lower extremities; 
Kanavel Table; Manuflex, with the new 
“Gym Kit” for hand therapy; Ankle exer- 
cisers; Quadriceps-Gastrocnemius-Foot- 
drop Boots; Foldaway Jim, a gymnasium for 
the office or patient's home; Sayre’s Head- 
slings, with or without scales to measure 
amount of traction; Gymnasium Mats in 
various sizes, thicknesses and coverings; 
Crutches and Canes; Cerebral Palsy 
Equipment. 


PHYSICAL THERAPY: Whirlpools for 
every use; Hubbard Tanks; Paraffin Baths; 
“*Moistaire’’ Heat Therapy Units; Hydro- 
collator Master Units and Steam Packs; 
Shortwave Diathermy Units, ‘‘Hanovia” and 
other makes; Galvanic-faradic-sinusoidal 
Generators; Hanovia Ultraviolet Lamps; 
Heat Lamps and Bakers; Ultrasonic Gen- 
erators; Treatment Tables; Timers. 


DIAGNOSTIC APPARATUS: Chronaxi 


meters; Dynamometers; Goniometers, 
NEW ITEMS OF INTEREST 


Hoyer Hydraulic Lifter. An all-purpose 
transter for the invalid. A slight nurse or an 
aged attendant can move the heaviest pa- 


tient with ease and salety $165.00 


Mary Lee Patient Erector and Ambu- 
lator available in two sizes with or without 
ambulating gear tor prolonged erection 
periods Prices upon request 


Send for your free copy of our illustrated 
Catalog§No. 1052. Inquiries invited. 


J.A.PRESTON cozvorarion 


175 FIFTH AVE.-NEW YORK 10,N.Y.* ORegon 4-9044 
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BRACES 
ARTIFICIAL LIMBS 
SUPPORTS 


Made to Order 
COMPLETE LINE OF... 


Limbs (willow wood and aluminum) 

Arms (willow, leather, aluminum) 

Corsets (custom made and stock) 

Braces (steel and aluminum) 

Elastic Stockings (made to measure and 
stock) 

Wheel Chairs, Crutches, etc. 


Forty six years of unfailing service are your 
guarantee of careful, specialized coopera- 
tion. Nothing but the finest materials are 
used, 


THE ORTHOPEDIC APPLIANCE CO., INC. 
123 East Wells Street, Milwaukee 2, Wis. 
Certified bythe American Board for Certification of 
the Prosthetic@ Orthopedic Appliance Industry, Inc. 


Available 
NOW 


. the Improved 
RE 
ABDUCTION PILLOW SPLINTS 


For congenital dislocation of the hip in the newborn 
and in early postnatal life. (As deseribed by Dr. V. L. 
Hart, J. Bone and Joint Surg., Vol. 31-A, pp. 
357-372, April 1949, and J.A.M.A., August 12, 1950, 
Vol. 143, pp. 1299-1303. See also Orthopaedic 
Appliances Atlas, Vol. | 1952.) 


Three Sizes: SMALI up to 3 months; Mepium — 
3 to 6 months; Lance — over 6 months. 

One Halter / 

Two Halters 

Choice of colors: white, yellow, and pink. Orders 


filled immediately shipped postpaid. 


MINNESOTA ORTHOPEDIC SERVICES 


4035 Regent Avenue North 
MINNEAPOLIS, MINNESOTA 


INSTRUMENTS AND SPLINTS FOR 
HAND SURGERY AND TREATMENT 


Active Hand and Finger Splints 
(Cock-up, Knuckle-bender, etc.) 


Torsion Bar for supination and 
pronation of the wrist 
Tendon-Stripping Instruments 


Anvil for the small bones of 
the hand 


Traction (//ook) Anvil with two 
shafts — for the long 
and the small bones 


Small Hand Drill 


for use with Kirschner wire drills 


and other special instruments 
for bone and joint surgery 


LA Write for our Catalogue 


H. WENIGER 


Established 1907 
143 Valencia St. San Francisco 3 


69 Canal Street 
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SURGEONS RECOMMEND 


Boston Preparatory Limbs 


Hospital Service 


Permanent 
Limbs 
SUCTION of 
SOCKET English 
LIMBS Willow 
and 
Aleoa 


BOSTON ARTIFICIAL LIMB CO., Ine. 


“Certified Prosthetists” 


Telephone: La. 3-6548 


Aluminum 


Boston, Mass. 
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TO SERVE YOUR 
Complete Prosthetic and Orthopaedic 
Appliance Needs 


House of Bidwell, Inc. 


Milwaukee, Wis. 604 No. Water St. o> Madison, Wis. 520 So. Park St. 
R. G. BIDWELL > R. N. BIDWELL 


For Information concerning 


ADVERTISING SPACE AND RATES 


ADDRESS 


THE JOURNAL OF BONE AND JOINT SURGERY 
8 THE FENWAY, BOSTON, MASSACHUSETTS 


te HOKYWOOD 2x2 
Slides 


ADJUSTABLE 


Sets of fifty 35mm Micro X-Ray Recordings of roent- 
LEG RESTS genograms from leading specialists’ files. Diagnos- 
tic detail and densities retained. 


Refresh your memory by looking over these series. 

Refer to these slides when diagnosing or treating 

America’s most a similor case. Use a viewer, or project the films 
Versatile for teaching or lecturing. 


Wheel Chair 
COLLECTION SERIES: 


Special Bolt-on Leg rests are easily 1. Studies of the Colon, S! Lute s Hospital, Chicago 
installed on the Hollywood Con- 
vertible Wheel Chair. Leg-rest 
panels are self adjusting for added 3. Pediatric Roentgenology, Cornell Medical Center 
comfort. Leg rests can be used on 
any Holiywood Convertible Wheel 
i. Chair. This chair may also be 5. Pulmonary Infections, Si. lute 
Producer converted to Producer, Director, 
and Celebrity Models. Hollywood 
Convertible, the biggest Wheel 
Chair value of them all. 


2. Angiocardiography, New York Hosp., New York City 
4. Myelography, Neurological Institute of New York 
6. Fractures of Ankles, Rover 


Write for detailed description of sets by number. 
Price $15.00 a set. Satisfaction Guaranteed. 


EVEREST & JENNINGS MICRO X-RAY RECORDER 


The Director 761 N. Highland Ave.,Los Angeles 38, Cal 1941 N. Western Avenue @ Chicago 47, Illinois 
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Is Your File Complete? 


Many subscribers to The Journal of Bone and Joint Surgery have their 
volumes bound each year for their reference libraries. 


Calls for back issues during recent months have depleted the 
supply of some numbers. 


If you lack certain numbers and wish to complete your file of 
The Journal, you should promptly ascertain it the missing numbers 
are available. (Not all issues are available.) 


Single copies of 1948, 1949, 1950, 1951, and 1952 numbers. . $2.50 each 

Single copies of issues 1922-1947......cceeeeeeeccerecces 1.50 each 

Single copies of issues 1916-1921 (monthly).............- .50 each 
Write to: 


THE JOURNAL OF BONE AND JOINT SURGERY 


8 THe Fenway Boston 15, MaAssACHUSETTS 


List of Advertisers—July 1953 


PAGE PAGE 
(. H. Alden Shoe Company 10 J. B. Lippincott Co 52 
American Cyanamid Company 32 MeCarty's 22 
Amsterdam Bros., [ne 14 Maurice J. Markell Shoe Co., Ine a0 
Astra Pharmaceutical Products, [ne 20 Medical Research Specialties 26 
\ustenal Laboratories, In¢ 14,15 Merck & Co., Ine. 23, 31 
Averst, MeKenna & Harrison Limited 12, 25, 46 Micro X-Ray Recorder 65 
Bard-Parker Company, Ine. 21 Miller Brace Co 60 
Bauer & Black 10, 41 Minnesota Orthopedic Services 2 
Rudolph Beaver 55 Moore & Moore, Ine dt 
The Berivon Compan | The ¢ V. Mosby Company 53 
Phe Birteher Corporation 37 V. Mueller & Co. 60 
Blairs Associate The Orthopedic Apphance ¢ o., Ine 62 
Blairs Braces, Inc ot Orthopedic Equipment Co Ww 
toston Artificial Limb Co., In Orthopedic Frame Company 
Bowen and Company, Ine 57 Chas. Pfizer & Co., Ine 40 
H. Camp and Company J. A. Preston Corporation 
Wilmot Castle Co Is Price Filler Machine & Mfg. Co 4 
Chattanooga Pharmacal Co 1 Richards Manufacturing Company 6,7,8 
Gilbert Hyde Chick Company a7 I. Sabel, Ine Js 
©. & J. Clark Limited Hl Chas. A. Schmidt Surg. Inst. Co tn) 
rhe Collison Surgical Engineering Company 50 J. Sklar Manufacturing Company 27 
Davis & Geek, Ine 32 Surgical Appliance Industries, Inc 45 
DePuy Manufacturing Company, Ine rhompson Bros. Shoe Co 28 
Mastman Kodak Company 1s lruform Anatomical Supports 13 
everest & Jennings pd The United Limb and Brace Co., Ine ou 
Florida Brace Corporation oD United States Manufacturing Company 34 
Freeman Manufacturing Company The hn ¢ 

pjohn ompany ‘ 
Hack Shoe Company ol 
i unger Prostheses 4 i Weniger be 
Bouse of Bidwell. Inc 63 Whitehall Electro Medical Company, Ine. i) 
Johnson & Johnson 11 Winthrop-Stearns Inc 30 
Phe Karmac Companys 36 Wright Manufacturing Co 4,5 
Phe Kendall Co. 19, 41 Louis Yellin, Ine OS 
Kleistone Rubber Company, Ine 36 Zimmer Manufacturing Co. 16,17 

64 


In answering advertisements, please mention The Journal of Bone and Joint Surgery 


| 


ADDRESSES OF CONTRIBUTORS 
JULY 1953 


taymonpd J. Apams, M.D., The Mason Clinic, 1115 Terry Avenue, Seattle 1, Washington 
Girorce T. Arrken, M.D., 242 Kendall Professional Building, Grand Rapids, Michigan 


Rospert W. Bacors, M.D., Kings County Hospital, 451 Clarkson Avenue, Brooklyn, New Yor 


Joseru S. Barr, M.D., 234 Marlborough Street, Boston 16, Massachusetts 
Davin M. Boswortu, M.D., 742 Park Avenue, New York 21, N. Y. 

Roswe.i K. Brows, M.D., 596 Delaware Avenue, Buffalo 2, New York 
Burman, M.D., 114 East 54th Street, New York 22, N. 

ftoperT Carrot, M.D., 180 Fort Washington Avenue, New York 32, N. Y. 
Fremont A. Cuanpier, M.D., 6 North Michigan Avenue, Chicago 2, [linois 
KENNETH Curtsroruk, M.D., LLOL Beacon Street, Brookline 46, Massachusetts 
A. Detia Prerra, M.D., 35 North Whitney, Hartford, Connecticut 

Tuomas L. Detorme, M.D., 1057 Brush Hill Road, Milton 86, Massachusetts 
Arruur J. Driscou., M.D., Apt. D-4, 2333 Hudson Terrace, Coytesville, New Jersey 
N. M.D., 5 West Fourth Street, Cincinnati 2, Ohio 


Howarp D. Eperuart, M.S., The College of Engineering, University of California, San Franciseo 22, California 


Winuram A. Evusron, M.D., 372 Marlborough Street, Boston 16, Massachusetts 


k 


Barnerr Fercuson, M.D., Children’s Hospital, De Soto Street, Pittsburgh, Pennsylvania 
J. Witiiam Frecpina, M.D., Sea View Hospital, West New Brighton, Staten Island 14, New York 


Cuarves H. Franvz, M.D., Wealthy Street at Plymouth Road, Grand Rapids 6, Michigan 
J. Garceav, M.D., 23 East Ohio Street, Indianapolis 4, Indiana 
Joun J. Garrianp, M.D., 248 South 21st Street, Philadelphia 3, Pennsylvania 


BenJamMin 8. Gorvon, M.D., Veterans Administration Hospital, 130 West Kingsbridge Road, Bronx 68, 


New York 
Hatrorp M.D., 180 Fort Washington Avenue, New York 32, 
Joseen Hanenin, M.D., Massachusetts General Hospital, Boston 14, Massachusetts 
Caries H. Hernvonx, M.D., University Hospitals, 2065 Adelbert Road, Cleveland 6, Ohio 
Louts G. Howarp, M.D., 00 Bay State Road, Boston 15, Massachusetts 
Paut V. Huereninson, M.D., 406 Medical Arts Building, Pittsburgh 13, Pennsylvania 
CHARLES G Hr rrerR, 6253 Holly wood Boulevard, Hollywood 28, California 
Verne T. Inman, M.D., School of Medicine, University of California, San Francisco 22, Califor 
KENNETH JoNES, M.D., Donaghey Building, Litthe Rock, Arkansas 
Mr. Cyrit J. Kaptan, 712 Trust Buildings, Gardiner Street, Durban, Natal, South Africa 
J. Jay WKeeGan, M.D., 1527 Medical Arts Building, Omaha, Nebraska 
Joun G. Kerr, M.D., 1126 Rosewood Avenue, Rocky Mount, North Carolina 
Joun F. Kurrzke, M.D., Kings County Hospital, 451 Clarkson Avenue, Brooklyn, New York 
Leroy 8S. Lavine, M.D., 135 Eastern Parkway, Brooklyn 17, New York 
Micuaen L. Lewin, M.D., 67 East 78th Street, New York 21, N.Y. 
Paun R. Lipscomp, M.D., 102 Second Avenue 8.W., Rochester, Minnesota 
First LieureNanr W. R. MacAuszanp, Jr., U.S.A.F. (M.C.), 3810th Medical Group, Maxwell 
Base, Alabama 


Ropert Mazer, Jr. M.D., Veterans Administration Center, Wilshire and Sawtelle Boulevards, 


Angeles 25, California 
Merritt C. Mensor, M.D, 490 Post Street, San Francisco 2, California 
Henry Musnick, M.D., 76 Bay State Road, Boston 15, Massachusetts 


Wacrer Newman, M.D., Veterans Administration Hospital, 180 West Kingsbridge Road, Bronx 68, New York 
Caprain James A. Nichoias, M.C., Orthopaedic Section, U.S. Army Hospital, Port Devens, Massachusetts 
Jetroit 26, 


Ronan O'Ranuitty, M.D., Wayne University College of Medicine, 1512 St. Antoine Street, | 
Michigan 

GivorGE L. Orpway, M.D., Stanford University Hospital, Clay and Webster Streets, San 
California 

Turopvore A. Porrer, M.D., 372 Marlborough Street, Boston 16, Massachusetts 

Tuomas J. Rapiey, M.D., 7083 Carew Tower, Cincinnati 2, Ohio 

CGiporce M.D., 620 Sweet Building, Fort Lauderdale, Florida 

Ropertr PD. Ray, M.D., University of Washington, School of Medicine, Seattle 5, Washington 

J.B. peC. M. Saunpers, M.B., School of Medicine, University of California, San Francisco 22 

GBORGE bk. Spencer, M.D., 10515 Carnegie Avenue, Cleveland, Ohio 

Lovuts SprgeuMan, M.D., 6317 Wilshire Boulevard, Los Angeles 48, California 

M.D., Merey Hospital, lowa City, lowa 

B. R. Stevenson, Pu.D., 596 Delaware Avenue, Buffalo 2, New York 

A. Tutpopeav, M.D., 171 Harrison Avenue, Boston, Massachusetts 

Winitam F. Thompson, M.D., Maine General Hospital, 22 Arsenal Street, Portland 4, Maine 

Prov. Di. Jean Versruace, 75 Avenue Van Rijswijek, Antwerp, Belgium 

GoRDON Wuiston, 333 Wyoming National Bank Building, Casper, Wyoming 

Epoar H. Warre, M.D., 1005 Union Central Building, Cincinnati, Ohio 

Hupson J. Winson, Jr., M.D., St. Luke’s Hospital, 421 West 115th Street, New York 25, N.¥ 

D. Witsonx, M.D., 321 Kast 42nd Street, New York 17, N.Y. 

Harry WINKLER, M.D)... 123 West Seventh Street, Charlotte 2, North Carolina 

Howarp A, Wricur, M.D., 742 Park Avenue, New York 21, N. Y. 


Air Force 


Francisco, 


California 


Los 


or 
if 
1. 
: 
qd. 
+ 
RUMFORD PRESS 
CONCORD. N.H 
s 


